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INTERNATIONAL  ASSOCIATION  FOR  DENTAL  RESEARCH 
ANNOUNCEMENT  OF  1960  GENERAL  MEETING 

The  38th  General  Meeting  of  the  International  Association  for  Dental  Re¬ 
search  will  convene  at  the  IMorrison  Hotel,  •  Chicago,  Illinois,  on  Thursday, 
Friday,  Saturday,  and  Sunday,  March  17,  18,  19,  and  20,  1960.  The  Dental 
Materials  Group  of  the  Association  will  meet  on  Friday,  Saturday,  and  Sunday, 
March  18,  19,  and  20,  1960,  The  American  Association  of  Dental  Schools  will 
meet  at  the  same  place  beginning  Monday,  March  21,  1960. 

Notice  to  Prospective  Program  Participants. — Abstracts  of  items  for  the 
program  must  be  limited  to  250  words,  including  title,  authors’  names,  etc. 
Three  copies  are  required.  The  abstract  as  received  must  be  suitable  for  in¬ 
sertion,  without  editing,  in  the  Preprinted  Abstracts  which  will  be  sent  to  mem¬ 
bers  before  the  meeting.  This  will  not  constitute  a  publication,  but  is  only  a 
convenience  for  the  meeting.  The  abstracts  will  be  published  in  the  Journal 
OF  Dental  Research  after  the  meeting  as  in  the  past. 

There  will  be  no  Read-by-Title  section  of  the  program.  Instead,  the  editor 
is  accepting  short  research  notes  for  early  publication  in  the  Journal  of  Dental 
Research. 

Abstracts  entered  in  the  Edward  H.  Hatton  Award  Competition  should 
conform  to  the  specifications  stated  on  the  opposite  page  under  “Editorial  Views 
and  News’’  and  must  be  clearly  marked  as  entries  for  the  competition. 

The  deadline  for  receipt  of  program  items  will  be  November  30,  1959.  An 
abstract  received  after  that  date  will  probably  not  be  included  in  the  preprinted 
abstracts  ahd  will  appear  on  the  program  only  if  a  place  can  conveniently  be 
found  for  it. 

Dan  Y.  Burrill,  Secretary-Treasurer 
Northwestern  University  Dental  School 
311  E.  Chicago  Avenue 
Chicago  11,  Illinois 
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EDITORIAL  VIEWS  AND  NEWS 


The  American  Association  for  the  Advance¬ 
ment  of  Science,  Section  Nd  (Dentistry),  has 
arranged  two  rather  significant  Symposia 
the  last  week  of  1959  in  Chicago  at  the 
Hotel  Hamilton.  This  meeting  is  co-spon¬ 
sored  by  the  International  Association  for 
Dental  Research. 

Symposium  on  Oral  Aspects  of  Aging, 
Monday  afternoon,  December  28.  Reidar  F. 
Sognnaes,  Moderator. 

1.  Growth  and  Aging  of  the  Face — 
Samuel  Pruzansky,  D.D.S.,  M.S.,  Uni¬ 
versity  of  Illinois. 

2.  The  Aging  of  Tissues  of  the  Oral 
Cavity — Earl  O.  Butcher,  Ph.D.,  and 
Jules  Klingsberg,  D.D.S.,  New  York 
University. 

3.  Histwhemical  and  Histological  Age 
Changes  in  Oral  Hubepithelial  Con¬ 
nective  Tissue — John  R.  Ring,  Ph.D., 
Wa-shington  University. 

4.  Aging  Pattern  in  Teeth  of  Different 
Population  Groups — Albert  A.  Dahl- 
berg,  D.D.S.,  University  of  Chicago. 

5.  Structural  Age  Changes  in  Human 
Teeth — John  Nalbandian,  D.M.D.,  and 
Reidar  Sognnaes,  D.M.D.,  Ph.D.,  Har¬ 
vard  University. 

6.  Discussion  of  Selected  Areas  for  In¬ 
vestigation  in  Oral  Research — David 
Weisberger,  D.M.D.,  M.D.,  Harvard 
University  and  Massachusetts  Gen¬ 
eral  Hospital. 

Symposium  on  American  Dentistry  at  the 
Centennial  Crossroad.  Final  commemorating 
event  of  the  100th  Anniversary  of  the  Ameri¬ 
can  Dental  Assotdation.  Tuesday  morning, 
Deceml>er  29.  Frank  J.  Orland,  Moderator. 

1.  Dental  Materials  During  the  La.st 
Hundred  Years — George  C.  Paffen- 
Imrger,  D.D.S.,  National  Bureau  of 
Standards. 

2.  The  Use  of  Epidemiology  in  Dental 
Research — H.  Trendley  Dean,  D.D.8., 
Former  Director,  NIDR;  Former  Se<'., 
Council  on  Dental  Research. 

3.  Development  of  Disease  Concepts  and 

Research  Information — Robert  M. 

Stephan,  D.D.8.,  M.S.,  NIDR. 

4.  Educational  Progress  During  the  Last 
Century — Shailer  Petersen,  Ph.D.,  Sec., 
Council  on  Dental  Education. 

5.  Review  of  Journalism  in  the  Dental 
Field — Lon  W.  Morrey,  D.D.S.,  Editor, 

J.  A.  D.  A. 

6.  Philosophical  Problems  of  Dentistry 
in  Its  100th  Year — Byron  S.  Hollins- 
head,  M.A.,  LL.D.,  L.H.D.,  Director, 
Conuiiission  on  Survey  of  Dentistry. 


Ofiicers  for  this  meeting  are:  Vice- 

President  and  Chairman:  Maynard  K.  Hine, 
School  of  Dentistry,  Indiana  University; 
Committeemen-at-large :  Francis  A.  Arnold, 
Jr.,  National  Institute  of  Dental  Research, 
Joseph  C.  Muhler,  School  of  Dentistry,  In¬ 
diana  University,  Thomas  J.  Hill,  Consultant, 
National  Advisory  Dental  Research  Council, 
U.8.P.H.S.,  Gerald  J.  Cox,  School  of  Den¬ 
tistry,  University  of  Pittsburgh;  Program 
Chairman:  Frank  J.  Orland,  Zoller  Memorial 
Dental  Clinic,  University  of  Chicago;  Chair¬ 
man  on  Arranagements :  Donald  A.  Wallace, 
College  of  Dentistry,  University  of  Illinois; 
Secretary:  Reidar  F.  Sognnaes,  Harvard 
School  of  Dental  Medicine. 

Conference  on  Oral  Biology.  Another 
gathering,  also  co-sponsored  by  the  lADR, 
was  the  International  Conference  on  Oral 
Biology.  It  was  held  Sept.  7-9,  1959,  in 
New  York  City.  lntro<luctory  remarks  were 
made  by  Ned  B.  Williams.  The  topic 
‘  ‘  Enamel,  ’  ’  moderated  by  Basil  G.  Bibby, 
was  discussed  by  Finn  Brudevold,  8.  Yngve 
Ericsson,  Otto  R.  Trautz,  and  Hans  R. 
Muhleman.  “Biochemical  and  Nutritional 
Factors  in  Dental  Caries,  ’  ’  moderatetl  by 
James  A.  English,  was  discussetl  by  H.  D. 
Cremer,  O.  Backer-Dirks,  Robert  S.  Harris, 
Walter  C,  Hess,  and  Paul  H.  Keyes.  “Oral 
Soft  Tissues,’’  moderatetl  by  D.  Walter 
Cohen  and  A.  J.  Held,  was  discussed  by 

K.  Forscher,  Stig  1).  Schultz- Haudt,  Philip 
Person,  B.  Cohen,  Jens  Warehaug,  Max 
Shapiro,  Henry  W.  Scherp,  William  G. 
Shafer,  Howard  H.  Chauncey,  Irwin  D. 
Mandel,  and  Duncan  McConnell.  Moderated 
by  Wallace  D.  Armstrong,  the  topic  “Bone’’ 
was  discussed  by  Albert  Sobel,  Richard  C. 
Greulich,  and  Felix  Bronner. 

The  International  Conference  on  Oral 
Biology  was  supported  by  a  suljstantial  grant 
to  the  lADR  by  the  Colgate-Palmolive  Com¬ 
pany.  The  Colgate-Palmolive  Company  has 
also  made  another  grant  which  renders  it 
possible  to  send  the  Journal  of  Dental  Re¬ 
search  to  dental  students  for  the  coming 
year,  1960. 

— Frank  J.  Obi.and 
Editor 
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ELECTROPHORESIS  OF  SALIVA;  RELATIONSHIP  OF  PROTEIN 
COMPONENTS  TO  DENTAL  CARIES 

J.  H.  GELLER  AND  G.  H.  ROVELSTAD 
The  Dental  Research  Laboratory,  U.  S.  Navai  Training  Center,  Bainbridge,  Md. 

INTRODUCTION 

IT  HAS  BEEN  shown  that  electrophoretic  patterns  of  parotid  saliva  are 
characteristic  and  reproducible  for  an  individual  when  interpreted  in  its 
several  protein  comiionents.^  The  purpose  of  this  study  is  to  compare  the  patterns 
of  a  number  of  different  individuals  in  order  to  determine  whether  there  is 
any  relationship  of  any  of  these  protein  components  to  dental  caries  experience, 
dental  caries  susceptibility,  or  between  the  separate  components  themselves. 

METHOD  OF  STUDY 

Thirty  milliliters  of  parotid  saliva  was  collected  in  a  refrigerated  con¬ 
tainer  by  paraffin  stimulation,  using  separate  collecting  chambers,  from  36  young 
male  adults.  These  samples  were  analyzed  by  the  moving  boundary  technic  of 
the  electrophoresis,  according  to  the  procedure  previously  described.^ 

All  results  were  recorded  as  photographs  of  the  electrophoresis  patterns 
and  interpreted  as  specific  components  according  to  the  number  of  peaks  re¬ 
corded  and  their  mobilities.  The  area  under  each  peak,  indicating  the  amount 
of  the  component  present,  was  determined  by  projecting  the  pattern  upon  graph 
paper.  i 

The  original  protein  content  was  calculated  from  spectral  absorption  data 
in  a  320  to  280  m/i  wave-length  range.  The  relative  percentage  of  each  com¬ 
ponent  per  total  protein  was  determined  and  recorded. 

In  addition  to  the  above,  20  milliliters  of  mixed  saliva  was  collected  from 
each  subject  into  refrigerated  containers  by  paraffin  stimulation  at  9:00  a.m. 
after  2  hours  of  fasting  at  weekly  intervals  for  3  successive  weeks.  These 
samples  were  analyzed  for  the  lactobacillus  population,  using  the  pour  plate 
technic  described  by  Rogosa’^  and  the  colorimetric  test  of  Snyder.®  The  median 
result  of  three  tests  was  selected  for  each  as  representative  of  the  case. 

A  dental  examination  was  completed  on  each  subject  using  a  mouth  mirror, 
explorer,  adequate  lighting,  supported  with  bite-wing  radiographs  interpreted 
with  the  aid  of  a  xlO  magnifying  glass.  All  results  were  summarized  for  each 

Received  for  publication  July  3,  1958  ;  revised  by  authors  Feb.  25,  1959. 

The  opinions  or  assertions  herein  are  the  private  ones  of  the  writers  and  are  not  to  be 
construed  as  official  or  reflectlnf?  the  views  of  the  Navy  Department  or  the  Naval  Establishment 
at  large. 
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case  and  evaluated.  The  dental  examination  was  recorded  and  summarized 
according  to  the  number  of  carious  teeth  present,  as  well  as  the  total  number 
of  DMF  teeth  at  the  time  of  the  examination. 

RESULTS 

The  components  are  recorded  in  Table  I  as  per  cent  of  total  protein  present 
in  the  order  in  which  the  tests  were  conducted.  The  y-globulin  and  lysozyme 
components  occur  in  the  intermediate  range  and  the  a-globulin  and  albumin 
occur  in  the  low  range.  The  average  per  cent  of  total  protein  for  each  com¬ 
ponent  is  determined  to  be  18.1  per  cent  lysozyme,  18.5  per  cent  y-globulin, 
43.3  per  cent  /8-globulin,  11.1  per  cent  a-globulin,  and  7.6  per  cent  albumin  for 
an  average  of  0.118  mg.  per  eent  total  protein. 

Table  I 

Per  Cent  Distribution  of  Protein  Components  op  Parotid  Saliva 
BY  Date  ok  36  Young  Male  Adults 
USNTC,  BAINBRIDOE,  MD.  (1957-1958) 


CASE 

NO. 

DATE 

PROTEIN* 

PER  CENT  OF  TOTAL 

PROTEIN  OF  COMPONENTS 

(MG.  PER 
CENT) 

LYSO¬ 

ZYME 

y  \ 

GIXIBUUN 

P  1 

a 

AI.BUMIN 

A19 

8-23 

.14 

38 

15 

35 

8 

5 

A20 

8-26 

.05 

46 

32 

17 

5 

0 

A1 

8-29 

.21 

34 

27 

14 

16 

9 

A4 

8-30 

.15 

0 

24 

55 

0 

22 

A12 

9-10 

.08 

23 

45 

17 

10 

5 

A17 

9-16 

.05 

0 

40 

28 

15 

16 

A23 

10-7 

.04 

37 

24 

25 

9 

4 

A16 

10-21 

.07 

54 

0 

38 

0 

8 

A21 

10-24 

.12 

25 

15 

42 

12 

5 

A13 

11-4 

.23 

18 

0 

70 

0 

12 

A18 

11-12 

.01 

33 

0 

66 

0 

0 

A25 

11-22 

.07 

26 

31 

19 

12 

12 

X23 

1-13 

.12 

16 

11 

39 

26 

7 

X14 

1-13 

.19 

9 

0 

51 

40 

0 

X16 

1-14 

.12 

6 

37 

28 

19 

10 

X20 

1-14 

.18 

12 

9 

53 

20 

6 

X21 

1-16 

.05 

16 

38 

33 

11 

2 

X24 

1-17 

.13 

0 

0 

72 

0 

28 

X25 

2-3 

.09 

20 

16 

41 

14 

9 

Y17 

2-10 

.08 

17 

32 

45 

0 

6 

Y24 

2-11 

.17 

0 

22 

78 

0 

0 

Y26 

2-11 

.08 

9 

15 

31 

28 

17 

Y25  , 

2-12 

.09 

0 

0 

86 

0 

14 

Y29 

2-12 

.08 

25 

0 

52 

0 

23 

Y31 

2-13 

.16 

25 

0 

75 

0 

0 

Y33 

2-14 

.14 

0 

0 

60 

40 

0 

Y34 

2-17 

.10 

17 

22 

34 

20 

7 

Y9 

2-17 

.18 

6 

0 

64 

22 

8 

Y18 

2-18 

.11 

17 

17 

66 

0 

0 

Y14 

2-20 

.30 

14 

7 

63 

8 

7 

Y20 

2-24 

.07 

35 

34 

21 

4 

6 

Y6 

2-24 

.07 

30 

28 

29 

13 

0 

X17 

2-25 

.12 

19 

34 

.26 

8 

12 

Y30 

2-26 

.13 

22 

35 

21 

17 

5 

Y15 

3-11 

.21 

9 

29 

46 

10 

6 

Y27 

3-11 

.13 

26 

28 

25 

13 

7 

Average 

.118 

18.1 

18.5 

43.3 

11.1 

7.6 

*Ba8ed  on  spectral  analysis. 


distribution  of  protein  components  of  parotid  saliva  in  descending  order  of  ^-grlobulin 
content  of  young-  male  adults,  USNTC,  Bainbridge,  Md. 


Volume  38 
Number  6 


elj:ctrophore.sis  of  haliva 


1063 


These  same  results  are  summarized  in  Fig.  1  with  all  results  arranged  in 
descending  order  of  the  /3-globuIin  content.  It  will  be  noted  that  y-globulin  is 
absent  when  the  )8-globulin  is  high.  When  the  j8-globulin  drops  below  50  per 
cent  of  the  total  protein,  the  y-globulin  begins  to  appear  with  an  average  value 
of  19  per  cent.  When  the  /8-globulin  drops  below  30  per  cent  then  the  average 
content  of  y-globulin  is  33  per  cent.  As  examples  of  this  /8-globulin  to  y-globulin 
ratio,  the  /8-globulin  of  case  A13  represents  70  per  cent  of  the  total  protein  and 
there  is  no  y-globulin  ratio.  The  /8-globulin  of  A18  represents  66  per  cent  of  the 
total  and  again  there  is  no  y-globulin.  In  A21,  the  /8-globulin  is  dropped  to  42 
per  cent  of  the  total  and  the  y-globulin  appears  as  15  per  cent  of  the  total 
protein.  In  A23,  /8-globulin  accounts  for  25  per  cent  of  the  total  and  y-globulin 
now  appears  as  24  per  cent. 

The  group  was  divided  according  to  the  number  of  carious  teeth  present 
at  the  time  of  the  examination.  Those  cases  in  which  there  were  four  or  less 
carious  teeth  were  placed  in  the  low-caries  group  and  cases  of  five  or  more 
carious  teeth  were  placed  in  the  high-caries  group.  Twenty-one  cases  were 
cla.ssified  into  the  low  group  and  fifteen  into  the  high  group.  On  the  basis  of 
this  division,  there  is  a  marked  difference  in  the  caries  experience  of  the  groups 
as  illustrated  in  Table  II.  The  average  DMF  of  the  low-caries  group  is  6.4 
while  that  of  the  high-caries  group  is  15.1.  The  average  age,  gingivitis,  and 
oral  hygiene  of  the  two  groups  are  (|uite  similar. 

Tabij:  it 

Chakacteristu’s  ok  the  Groups  Selected  for  Evaluating  Relationship  of  the  Protein 
Components  of  Parotid  Saliva  of  Young  Male  Adults 
USNTC,  BAINBRIDGE,  MD.  (1957-1958) 


NUMBER 

ORAL 

NUMBER 

AVERAGE 

DMF 

1  GINGI- 

HY- 

I.ACTO. 

GROUPS 

OF  CASES 

AGE 

TEETH 

1  VITIS* 

GlENEt 

COUNTt 

Low  caries 
Medium  to 

21 

19.6 

6.4 

-t-i.a 

1.5 

■fl.O 

-t-1.3 

liigh 

caries 

15 

19.2 

15.1 

-(■1.3 

1.3 

-1^2.0 

-1-1.9 

All  cases 

36 

19.4 

10.0 

-(■1.3 

1.1 

-hI.4 

-1-1.6 

•Rated  in  5  groups  from  0-4,  according  to  degree  of  gingivitis. 
tDeflned  as  1  (good),  2  (fair),  and  3  (poor). 

tRated  in  5  groups,  0,  +1,  +2,  +3,  and  +4,  according  to  the  number  of  colonies. 

{Rated  in  5  groups,  0,  +1,  -t-2,  +3,  and  +4,  according  to  the  time  of  complete  color  change 
from  green  to  yellow. 


The  lactobacillus  count  and  Snyder  test  results  correspond  to  the  caries  ex¬ 
perience  of  the  groups  with  an  average  of  -fl  and  -bl.3,  respectively,  for  the  low- 
caries  group  as  compared  to  a  -i-2  and  -1-1.9,  respectively,  for  the  high-caries 
group.*  t 

The  relation  of  the  protein  components  to  the  caries  experience  of  these 
groups  is  illustrated  in  Table  III.  It  will  be  noted  that  the  total  protein  for 

•Lactobacillus  count — 0  =  less  than  100  colonies :  +1  =;  100-999  ;  -t-2  =  1,000-9,999 :  -1-3  = 
10,000-99,999  ;  and  -t-l  =  100,000  or  over. 

tSnyder  test — 0  =  no  color  change  96  hours :  -t-l  =  yellow  color  96  hours ;  •§■2  =  yellow 
color  72  hours;  -1^3  =  yellow  color  48  hours;  and  -M  =  yellow  color  24  hours. 
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parotid  saliva  for  the  low-caries  group  is  0.11  mg.  per  cent  as  compared  to 
0.13  mg.  per  cent  for  the  high-caries  group. 

Table  III 

Protein  Components  op  Parotid  Saliva  op  Young  Male  Adults 
According  to  Dental  Caries  Experience 
USNTC,  BAINBRIDGE,  MD.  (1957-1958) 


TOTAI. 

PROTEIN* 

( MG.  PER 

1  PER  CENT  COMPONENTS  OK 

TOTAL 

PROTEI N 

NO. 

1  GLOBULIN 

GROUP 

CASES 

CENT) 

LY.SOZYME 

1  y 

1  /3  1 

Ct. 

AI.BI'MIN 

Low  caries 

21 

.11 

22 

21 

40 

9 

8 

High  caries 

15 

.13 

15 

15 

48 

14 

7 

All  cases 

.36 

.118 

18.1 

18.5 

43.3 

11.1 

7.6 

'Based  on  spectral  analysis. 


Certain  differences  will  be  noted  in  the  separate  components  as  recorded 
in  per  cent  of  total  protein  present.  There  appears  to  lie  a  direct  relation  of  the 
)8-globulin  and  a-globulin  component  to  the  caries  experience  of  the  groups  and 
an  inverse  relation  of  the  lysozyme  and  y-globulin  components  to  the  caries 
experience  of  the  groups.  This  may  be  a  reflection  of  the  /8-globulin  to  y- 
globulin  relationship.  The  sharpest  difference  is  between  the  22  per  cent 
lysozyme  of  the  low-caries  group  to  the  15  per  cent  of  the  high-caries  group. 
The  next  signifieant  relation  is  between  the  21  per  cent  y-globulin  content  of  the 
low-caries  group  as  compared  to  the  15  per  cent  of  the  high-caries  group.  The.se 
differences  between  the  groups  corresponded  to  the  differences  in  dental  caries 
experience,  the  lactobacillus  count,  and  acid  producing  ability  in  a  glucose  media 
of  saliva. 


^  DISCUSSION 

As  a  result  of  these  studies,  certain  differences  in  the  separate  components 
of  parotid  saliva  as  determined  by  moving  boundary  technics  of  electrophoresis 
seem  to  be  associated  wdth  dental  caries  experience.  It  appears  that  there  is  a 
relationship  of  the  lysozyme  content,  y-globulin  content,  and  the  /8-globulin 
content  to  the  caries  experience  of  the  two  groups.  In  addition,  it  appears  that 
the  lactobacillus  population  and  Snyder  test  vary  directly  as  does  the  /8-globulin 
and  or-globulin  content  of  saliva.  There  is  an  inverse  relationship  of  lysozyme 
and  y-globulin  to  the  lactobacillus  population  and  the  Snyder  test.  Even  though 
there  is  a  higher  level  of  lysozyme  and  y-globulin  in  the  low-caries  group,  there 
is  a  smaller  average  amount  of  total  protein  present  in  this  group  as  determined 
by  spectral  analysis. 

The  comparative  relationship  of  the  two  groups  suggests  that  a  factor 
related  to  the  y-globulin  components  or  lysozyme  component,  or  both,  is  in¬ 
hibitory  to  the  lactobacillus  population  of  saliva  and  related  to  the  dental 
caries  resistance  of  the  individual. 

/8-globulin  occurs  in  the  highest  concentration  in  parotid  saliva.  When  it 
represents  50  per  cent  or  more  of  the  total  protein,  no  y-globulin  appears  to  be 
present.  Albumin  occurs  in  the  highest  concentration  in  human  plasma.*  When 
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albumin  content  is  high,  y-globulin  content  is  low.®  Tims,  it  may  be  that 
whether  the  y-globulin  is  in  plasma  or  in  parotid  saliva  it  is  salted  out  of  solu¬ 
tion  when 'the  most  predominant  protein  is  present  in  high  concentration. 

If  the  amylase  determination  corresponds  to  the  j8-globulin  content  and 
some  sort  of  antigen  antibody  reaction  corresponds  to  the  y-globulin  content, 
these  tests  may  provide  independent  checks  on  the  above-mentioned  results 
obtained  with  electrophoresis.  These  results  further  suggest  the  following 
relationships  to  dental  caries  experience:  (1)  amylase  activity  per  milligram 
per  cent  protein  in  parotid  saliva,  (2)  lysozyme  activity  per  milligram  per  cent 
protein  in  parotid  saliva,  and  (3)  y-globulin  content  or  antibody  titer  per  milli¬ 
gram  per  cent  protein  in  parotid  saliva. 

Perhaps  an  amylase-to-lysozyme  ratio  would  give  striking  differences  be¬ 
tween  low-caries  and  high-caries  groups.  In  this  study,  the  low-caries  group 
had  an  average  amylase-to-lysozyme  ratio  of  40  to  21  (1.8)  while  the  high-caries 
eases  had  an  average  ratio  of  48  to  15  (3.2). 

CONCLUSIONS 

Low-caries  experience  in  this  group  of  young  male  adults  is  associated  with 
a  lower  )8-globulin  and  a-globulin  content  and  higher  lysozyme  and  y-globulin 
content  than  high-caries  experience.  In  addition,  it  is  noted  that  the  )8-globulin 
(amylase)  is  usually  present  in  the  highest  concentration.  When  it  occurs  as 
50  per  cent  or  more  of  the  total  protein,  y-globulin  appears  to  be  absent.  When 
it  drops  below  50  per  cent,  y-globulin  appears  with  an  average  value  of  19  per 
cent.  When  it  drops  below  30  per  cent,  y-globulin  has  an  average  value  of 
33  per  cent. 

The  authors  wish  to  thank  E.  T.  Farrell,  D.  R.  Gehman,  and  A.  M.  Hopper  for 
technical  assistance. 
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P^RICTION  AND  PARTIAL  DENTURE  RETENTION 
J.  A.  WARR 

Department  of  Prosthetics,  The  London  Hospital  Medical  College,  Turner  Street,  London 

INTRODUCTION 

Friction  is  of  the  utmost  importance  in  the  retention  of  partial  dentures. 

Clasp  action  depends  on  it,  and,  in  certain  circumstances,  it  may  even  make 
clasps  unnecessar\^  It  is  therefore  surprising  to  find  that  no  attempt  has  been 
made  to  investigate  these  frictional  forces  or  to  find  out  whether  it  would  be 
possible  to  raise  the  coefficient  of  friction  and  thus  increase  retention. 

A  detailed  account  of  friction  is  given  by  Bowden  and  Tabor*  in  their 
monograph  ‘  ‘  The  Friction  and  Lubrication  of  Solids,  ’  ’  but  a  shorter,  less  mathe¬ 
matical,  version  by  the  same  authors*  is  also  available.  These  authors  include 
some  tables  of  coefficients  and  further  tables  are  to  be  found  in  the  Metals 
Reference  Book,®  but  it  is  hardly  surprising  to  find  that  friction  between  tooth 
enamel  and  other  materials  is  not  included. 

In  order  to  complete  an  analysis  of  clasp  behavior,*  it  was  necessary  to  cal¬ 
culate  the  retention  as  a  function  of  the  force  exerted  by  the  clasp.  Although 
the  problem  involves  sliding  rather  than  static  friction,  it  was  logical  to  in¬ 
vestigate  the  simpler  static  problem  first.  Some  experiments  were  therefore 
carried  out  to  evaluate  the  coefficient  of  static  friction  between  tooth  and  clasp 
in  the  presence  of  saliva  and  various  contaminants.  Four  common  clasp  ma¬ 
terials  were  examined,  chrome  cobalt  (Krupps’  Wisil),  white  gold  (Baker’s 
Superoralium),  stainless  steel  and  methyl  methacrylate,  either  in  the  form  of 
Perspex  or  in  a  cold-cure  form  (Nu  Life).  Some  experiments  were  also  car¬ 
ried  out  on  a  cold-cure  epoxy  resin  (Araldite*). 

METHOD  AND  MATERIALS 

One  of  the  simplest  methods  of  measuring  friction  is  to  determine  the  force 
required  to  slide  a  curved  surface  over  a  plane  one,  and  this  method  is  ideally 
suited  to  the  tooth-clasp  problem.  A  specimen  of  the  clasp  material  in  the  form 
of  a  sheet  1  mm.  thick  and  about  1.5  cm.  square  was  ground  and  polished  to 
give  a  plane  surface;  it  was  mounted  with  adhesive  over  a  small  chamber, 
heated  by  a  current  of  warm  water.  The  chamber  consisted  of  a  thick  block 
of  Perspex  glued  to  a  square  of  brass,  Ys  inch  thick.  A  Y4  inch  diameter  hole 
in  the  brass  formed  the  cylindrical  wall  of  the  chamber  and  the  bulk  of  the 

Received  for  publication  Jan.  12,  1959 ;  revised  by  author  Sept.  30,  1959. 

*“Araidite”  is  a  product  of  Aero  Research  Ltd.,  Duxford,  Cambridge. 
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metal  acted  as  a  simple  heat  reservoir.  The  specimen  formed  the  roof  of  the 
chamber  and  could  he  heated  quickly  to  the  required  temperature.  The  tem¬ 
perature  was  measured  by  a  thermocouple  on  the  surface  of  the  specimen  and 
could  be  varied  by  altering  the  rate  of  flow  of  hot  tap  water.  No  elaborate 
controls  were  necessary  to  keep  the  temperature  steady  within  ±  1°  C. 

The  tooth  was  mounted  in  plaster  of  Paris  on  a  metal  frame.  Two  frames 
were  made,  one  for  light  loads  up  to  150  grams  and  the  second  for  heavier 
loads  up  to  600  grams.  The  light  frame  was  made  from  1  mm.  stainless  steel 
wire;  weights  could  be  attached  to  it  and  it  was  fitted  with  vanes  at  its  base 
for  immersion  in  medicinal  paraffin.  This  arrangement  damped  all  oscillations 


Fig.  1. — Apparatus  for  determining  the  coefficient  of  static  friction  between  tooth  and 
clasp  material  in  the  presence  of  saliva.  The  clasp  material  formed  the  surface  of  a  water- 
heated  chamber,  and  the  tooth  was  made  to  slide  over  it,  fixed  to  a  frame  which  carried  weights, 
and  was  steadied  by  vanes  Immersed  in  liquid  paraffin.  Water  inlet  and  outlet  are  seen  run¬ 
ning  to  the  left  of  the  photograph  and  the  temperature  was  measured  by  a  thermocouple  placed 
in  the  saliva  between  tooth  and  material  (not  shown).  On  the  left  is  a  simple  mercury  dropper 
system,  by  means  of  which  mercury  is  transferred  to  a  weighing  bottle  until  sliding  occurs. 


and  kept  the  tooth  steady.  The  second  frame  was  made  in  two  parts;  the 
upper  part  held  the  tooth  and  the  lower  part  carried  the  weight  and  was  fitted 
with  vanes  as  before.  A  fine  stainless  steel  wire  was  fixed  to  posts  on  either 
side  of  the  tooth  at  the  surface  level.  To  it  was  attached  a  length  of  thread 
which  ran  horizontally  over  a  roller  bearing  pulley  to  a  glass  weighing  bottle. 
Mercury  could  be  run  into  the  bottle  through  a  simple  dropper  system,  until 
the  weight  was  sufficient  to  cause  sliding. 

The  whole  assembly  was  mounted  on  an  arm  attached  to  a  heavy  metal 
stand  (Fig.  1)  and  the  surface  of  the  specimen  could  be  leveled  by  three  screws 
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at  the  base  of  the  stand.  The  leveling  was  judged  by  a  spirit  level,  sensitive 
to  a  deviation  from  the  horizontal  of  0.002  radians.  Errors  in  the  coefficient 
of  friction  due  to  leveling  should  therefore  be  less  than  0.002. 

A  correction  for  the  friction  of  the  pulley  was  made  from  a  separate  ex¬ 
periment.  Two  identical  pulleys  were  set  at  the  same  horizontal  level  some  8 
inches  apart;  a  length  of  thread  was  arranged  to  pass  over  them,  attached  at 
one  end  to  a  weight  and  at  the  other  end  to  a  weighing  Imttle.  The  difference 
in  weight  required  to  start  movement  was  proportional  to  the  weight.  The 
difference  was  ver>'  small,  small  enough  to  assume  that  each  pulley  contributes 
half  of  it,  and  the  correetion  for  pulley  frietion,  caleulated  in  this  way, 
amounted  to  only  1.2  per  eent  of  the  observed  value. 

RESULTS 

Bowden  and  Tabor  stress  the  importance  of  having  absolutely  clean  sur¬ 
faces  for  friction  experiments,  since  even  a  single  layer  of  grease  from  the 
atmosphere  or  from  the  fingers  may  produce  a  large  change  in  friction.  They 
state  that  if  the  surfaces  are  kept  grease  free,  measurements  of  friction  be¬ 
tween  metals  will  be  reproducible,  but  with  non-metals,  where  less  is  known 
alx)ut  the  nature  of  the  surface  layers,  results  are  often  variable  and  irrepro- 
ducible.  The  tooth-clasp  problem  .suffers  from  both  defects;  not  only  is  a  non- 
metal  involved,  but  the  clasp  must  function  in  the  presence  of  both  grease  and 
saliva. 

The  first  experiments  were  therefore  directed  to  establishing  limits  of  re¬ 
producibility.  They  indicated  that  although  the  coefficient  of  static  friction, 
ju.g,  was  approximately  0.20  for  all  three  metals,  there  were  unexplained  varia¬ 
tions.  The  mean  of  a  run  (a  sequence  of  ten  observations  carried  out  in 
fairly  rapid  succession)  had  a  standard  error  of  0.0034,  but  the  means  from 
several  such  runs  were  distributed  with  a  standard  deviation  three  times  as 
great  (0.0112).  This  discrepancy,  which  is  statistically  significant,  must,  in 
some  way,  be  associated  with  changes  in  the  tooth  or  metal  surfaces.  Natu¬ 
rally,  the  condition  of  a  surface  may  be  expected  to  alter  more  between  runs 
than  within  them.  Further  ex])eriments  were  therefore  made  to  investigate 
the  most  probable  cause  of  these  variations. 

Influence  of  Temperature. — Temperature  fluctuations  may  l)e  discounted 
as  a  possible  source  of  variation.  Measurements,  made  alternately  at  20°  C. 
and  37°  C.  in  the  course  of  the  .same  run,  are  recorded  in  Table  I  and  the 
differences  for  metals  are  seen  to  lie  well  within  the  limits  of  the  standard 
error.  Even  for  acrylic  resin,  the  difference  was  not  statistically  significant. 

Table  I* * 

TEMPERATURE  |  CHROME  COBALT  |  WHITE  GOLD  |  STAINI.E88  STEEL  |  PERSPEX 

20°C!  0.2052  0.2088  0.1942  0.3337 

37  “C.  0.2030  0.2097  0.1959  0.3491 


*Thi8  table  shows  the  influence  of  surface  temperature  on  the  coefficient  of  friction  in  the 
presence  of  saliva.  Surface  flnish — g-rade  3/0  emery  paper,  except  for  the  Perspex  specimen, 
which  was  polished.  Each  resuit  is  the  mean  of  ten  observ’ations.  made  alternatively  at  20*  C. 
and  37*  C.  in  the  course  of  the  same  run. 
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Influence  of  Surface  Contamination. — These  experiments  corroborated  the 
statements  of  Bowden  and  Tabor;  grease  had  a  marked  effect  on  the  co¬ 
efficient  of  friction  but  the  action  of  the  saliva  was  most  significant.  In 
every  single  case,  whether  the  surfaces  were  “clean”  or  contaminated,  the 
addition  of  saliva  led  to  a  marked  increase  in  the  coefficient  of  friction  and 
this  was  presumably  due  to  a  detergent  action  by  the  saliva.  The  results 
are  summarized  in  Table  II,  all  experiments  having  been  carried  out  at  room 
temperature.  For  the  three  metals,  only  the  means  have  been  recorded,  but, 
for  the  two  resins,  the  variations  were  often  considerable  and  the  least  and 
greatest  values  are  listed  instead.  Fig.  2  illustrates  the  behavior  of  the  resins 
in  more  detail;  it  shows  that  wherever  the  variation  was  large,  it  was  almost 


Fig.  2. — The  effect  of  various  contaminants  on  the  coefficient  of  static  friction  in  the  pres¬ 
ence  of  saliva,  at  20®  C.  O  Acrylic  resin  (Nu  Life).  •  Epoxy  resin  (Araldite).  For  each 
contaminant,  the  five  observations  are  recorded  in  the  order  in  which  they  were  m^e. 


Tabi.e  II* 


SITRFACE 

CONTAMINANT 

CHROME 

COBALT 

WHITE 

GOLD 

STAINLESS 

STEEL 

ACRYLIC 

ARALDITE 

m 

mm 

1  A  1 

•B 

1  A  1 

1  A  1 

B  { 

1  A  1 

B 

Nilt 

.14 

.13 

.14 

NiU 

.15 

.19 

.19 

.20 

.16 

.21 

.39 

.41 -.46 

.49 

.46.54 

Nil$ 

.22 

.24 

.22 

.23 

.21 

.23 

Castor  oil 

.12 

.20 

.15  . 

.21 

.13 

.20 

.18 

.25.35 

.15 

.16.31 

Medicinal  paraffin 

.13 

.19 

.13 

.21 

.13 

.17 

.32 

.35.42 

.29 

.32-.41 

Petroleum  jelly 

.12 

.17 

.12 

.16 

.13 

.17 

.14 

.29  .31 

.18 

.20.30 

Butter 

.15 

.20 

.16 

.18 

.13 

.18 

.27 

.32-.34 

.24 

.29.33 

Grease  from  fingers 

.13 

.15 

.15 

.20 

.12 

.15 

.20 

.22.36 

.09 

.16.27 

*Thl8  table  shows  the  influence  of  surface  contamination  on  the  value  of  it*.  Temperature 
20“  C.  Load  300  grams.  Surface  finish— grade  4/0  emery  paper. 
tSurface  preparation.  No  precautions.  Dry. 

{Metals  cleaned  with  carbon  tetrachloride ;  resins  cleaned  with  water  and  then  abraded  dry. 
{Cleaned  with  carbon  tetrachloride,  then  abraded  and  washed  with  methylated  spirits. 
Allowed  to  dry. 

{Column  A.  Contaminant  without  saliva.  Mean  of  two  observations. 
nColumn  B.  Contaminant  with  saliva.  Mean  of  five  observations.  For  the  two  resins, 
Column  B  gives  the  two  extreme  values  of  five  observations. 
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invariably  because  the  first  determination  gave  a  low  result.  The  detergent 
action  of  the  saliva  was  apparently  helped  by  mechanical  cleansing  of  the 
area  of  contact  between  tooth  and  resin. 

Although  these  tests  were  carried  out  with  saliva  from  only  one  patient, 
saliva  from  two  other  patients  gave  substantially  the  same  values  of  ixg.  The 
nature  of  the  saliva  is  probably  not  important,  but  it  must  be  admitted  that 
these  tests  were  not  extensive  enough  to  be  conclusive. 

Variations  Among  Teeth. — The  eoeflfieient  of  friction  does  not  vary  sig¬ 
nificantly  from  tooth  to  tooth.  This  is  clear  from  the  series  of  experiments 
listed  in  Table  III  where  observations  were  made  on  teeth  from  a  random 
cross  section  of  patients.  A  flat,  stainless  steel  surface  was  abraded  with 
grade  3/0  emery  paper,  washed  with  tap  water,  and  then  smeared  with  saliva. 
The  teeth  were  extracted,  washed  with  tap  water,  and  mounted  on  a  frame 
(see  Fig.  1).  They  were  then  tested,  with  the  minimum  of  delay,  on  the 
stainless  steel  surface. 


Table  III* 


Age 

25 

41 

56 

54 

60 

23 

;i.3 

28 

12 

Sex 

M 

M 

M 

M 

F 

F 

M 

F 

F 

Tooth 

5  / 

/■« 

T7 

/~5 

lA. 

/T 

.200 

.218 

.217 

.204 

.211 

.209 

.204 

.200 

.212 

•Values  of  for  enamel/stainless  steel  at  20°  C.,  using  teeth  from  a  random  cross  section 
of  patients.  Stainless  steel,  surface  finish — grade  3/0  emery  paper. 

tEach  result  is  the  mean  of  five  observations.  Standard  deviation  of  means  is  0.0111. 


The  variations  of  /t*  was  no  greater  than  was  to  be  expected.  Indeed, 
the  standard  deviation  among  the  means  in  Table  III  (0.0111)  was  rather  less 
than  the  previously  determined  figure  for  reproducibility  (0.0117*).  There 
is,  therefore,  no  reason  to  suppose  that  the  coefficient  of  friction  will  vary 
from  jiatient  to  patient. 

Influence  of  Surface  lioughness. — Bo\v:den  and  Tabor  .state  that  contamina¬ 
tion  is  far  more  important  than  surface  roughness  in  its  effect  on  friction,  but 
this  was  found  to  apply  to  the  tooth-clasp  problem  only  under  certain  condi¬ 
tions.  The  effects  of  surface  roughness  are  illustrated  in  Tables  IV  A  and 
IV  B,  where  four  surface  finishes  are  compared.  The  metal  specimens  were 
prepared  by  standard  metallurgical  technics  and  were  given  a  final  polish, 
first  with  a  coarse  metal  polish  and  then  with  a  finer  one  (Silvo).  The 
acrylic  resin  specimen  had  initially  a  smooth  glossy  finish.  Each  specimen  was 
demarcated  into  four  quarters  and  the  first  quarter  was  left  polished.  Each 
of  the  other  three  was  abraded  with  a  different  grade  of  emery  paper,  4/0, 
1/0,  and  F,  in  order  of  increasing  coarseness.  The  approximate  dental  equiv¬ 
alents  of  these  grades  are  listed  in  Table  IV  B.  For  white  gold,  stainless  steel, 
and  acrylic  resin,  surface  roughness  is  seen  to  have  little  effect  on  friction. 
A  slightly  lower  figure  is  to  be  expected  for  the  polished  surface,  since  some 
surface  contamination  is  not  easily  avoided.  With  white  gold  (Pd-Ag),  the 


•0.0117  l8  the  figure  0.0112  corrected  for  the  mean  of  5  observations  instead  of  10. 
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Table  IV  A* 


SURFACE 

FINISH 

CHROME  COBALT 

B.H.N. 

360  KG./MM.2 

WHITE  GOLD 

B.H.N. 

270  KO./MM.2 

STAINLESS  STEEL  I 
B.H.N. 

150  KG./MM.2 

PERSPEX 

B.H.N. 

27-29  KG./MM.2t 

Polished 

0.381 

0.195 

0.371 

4/0 

0.207 

0.209 

0.231 

0.430 

1/0 

0.235 

0.205 

0.231 

0.427 

F 

0.302 

0.196 

0.236 

0.414 

•This  table  shows  the  influence  of  surface  roughness  on  the  value  of  iit  at  37*  C.  Brinell 
hardness  numbers  are  for  a  1  mm.  diameter  ball  and  a  load  of  30  Kg.  for  1  minute.  For  com¬ 
parison,  the  hardness  number  of  enamel  was  found  to  be  approximately  300  Kg./mm.*  (Brinell). 
tFigures  published  by  I.  C.  I.  for  Perspex. 


Table  IV  B 

Approximate  Equivalents  for  Surface  Roughness 


EMERY  (iRADE  | 

APPROXIMATE  EQUIVALENT 

Polished 

Metals  were  lapped  with  a  Selvyt  polishing  cloth  and  Silvo 

Perspex  was  left  with  its  normal  glossy  finish 

4/0 

Superfine  sandpaper  disc 

1/0 

Fine  sandpaper  disc 

F 

Coarse  sandpaper  disc 

friction  is  seen  to  be  least  on  the  roughest  surface  but  the  differences  are 
small  and  barely  significant.  The  surfaces  had  been  roughened  with  the  dry 
abrasive  and  it  is  possible  that  this  unexpected  result  was  due  to  contamina¬ 
tion.  Whatever  the  cause,  it  is  clear  that  the  friction  between  tooth  and  clasp 
cannot  normally  he  improved  by  roughening  the  clasp,  where  it  contacts  the 
tooth,  t’hrome  cobalt  is  an  exception  to  this  generalization.  This  is  not  im¬ 
mediately  obvious  from  Table  IV  A  which  lists  the  polished  surface  as  having 
the  highest  coefficient  of  friction.  This  surface  had  been  lapped  with  a  polish¬ 
ing  abrasive  for  30  minutes,  which  had  given  it  a  very  rough  finish,  the  harder 
carbides  in  the  alloy  standing  out  above  the  general  surface  level.  It  must 
be  emphasized  that  such  a  finish  would  not  normally  result  from  routine 
polishing  of  a  chrome  cobalt  clasp.  The  Rnnell  hardness  of  enamel  is  about 
300  Kg./mm.-*;  (Justafson®  has  recorded  Vickers  hardness  numbers  of  this 
oi-der  in  a  series  of  microhardness  tests  and  a  spot  check,  using  a  1  mm.  di¬ 
ameter  ball  and  30  Kg.  load  on  the  tooth  used  in  these  tests,  gave  a  figure  of 
302  Kg./mm.-  A  Brinell  hardness  numlier  of  300  Kg./mm.®  places  enamel  in 
order  of  hardness  between  chrome  cobalt  and  the  other  three  materials.  The 
chrome  cobalt  alloy  had  a  Brinell  hardness  of  360  Kg./mm.^,  but  this  figure 
applies  to  the  matrix;  some  of  the  carbides  in  the  alloy  must  have  been  a 
great  deal  harder.  It  is  difficult  to  believe  that  the  relatively  small  difference 
in  hardness  between  chrome  cobalt  and  white  gold  could  produce  such  a 
striking  change  in  the  friction,  unless  the  harder  carbide  particles  were  re- 
sjionsible. 

These  results  suggest  that  a  clasp  of  some  hard  alloy,  such  as  chrome 
cobalt,  might  possibly  plough  into  the  surface  of  the  tooth,  causing  wear. 
Alternatively,  the  high  coefficient  of  friction  might  be  due  to  the  minute 
asperities  of  the  harder  carbides  being  held  by  equally  small  clefts  or  defects 
in  the  enamel.  Further  tests  were  therefore  made  in  which  the  roles  of  tooth 
and  material  were  reversed.  A  tooth  was  embedded  in  acrylic  resin  and  the 


1072 


WARR 


J.  D.  Res. 
Nov. — Dec.,  1959 


enamel  ground  and  polished  to  give  a  flat  surface  some  2  mm.  square.  The 
slider  consisted  of  a  specimen  of  the  metal  in  the  form  of  a  round  wire, 
ground  flat  at  the  tip  and  adjusted  to  approach  the  enamel  surface  at  an 
angle  of  approximately  30  degrees  (see  the  diagram  in  Fig.  3).  The  graph 
in  Fig.  3  shows  a  marked  contrast  between  the  behavior  of  the  relatively  soft 
wrought  stainless  steel  wire  (diameter  1  mm.)  and  the  much  harder  cast 
chrome  cobalt  wire  (diameter  1.5  mm.).  The  direction  of  sliding  is  also  seen 
to  be  important ;  motion  which  presents  the  flat  60  degree  face  to  the  on¬ 
coming  enamel  gives  rise  to  a  sporadic  but  much  greater  resistance  than  the 


■ 

1 

mH 

1 

i 

wm 

H 

i 

mm 

Test  sequence 


Cr-Co. 

_a,s 

'  ^  S.S.  tipped  with  A 

' Arsldlte* . 

Kig.  3. — Coefficient  of  static  friction  for  three  different  materials  sliding  on  tooth  enamel 
in  the  presence  of  saliva  at  20“  C.  In  the  case  of  chrome  cobalt  the  direction  of  sliding  is 
seen  to  be  important. 

curved  surface  inclined  at  30  degrees.  This  difference  is  not  found  with  the 
stainless  steel  because  the  surface  is  too  soft  to  maintain  its  shape  in  the  im¬ 
mediate  neighborhood  of  the  contact  point. 

The  effect  of  tipping  the  stainless  steel  wire  with  Araldite  is  also  shown 
in  Fig.  3.  With  either  direction  of  motion  the  first  observation  is  seen  to  be 
the  lowest;  subsequent  observations  were  higher,  most  of  them  considerably 
higher  and  may  be  compared  with  the  earlier  experiments  of  Fig.  2.  Since 
only  one  point  on  the  slider  is  in  contact  with  successive  points  on  the  plane 
surface,  it  follows  that  any  contamination  will  be  more  effectively  removed 
from  the  slider.  This  may  have  some  bearing  on  the  fact  that  the  observa¬ 
tions  in  Fig.  3  are  higher  than  those  in  Fig.  2  for  the  contaminated  Araldite 
surfaces. 
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Proportionality  Between  Friction  and  Load. — Although  some  preliminary 
experiments  had  indicated  a  roughly  proportional  relation  between  friction 
and  load,  it  was  not  possible  to  examine  this  properly  until  the  reproducibility 
of  the  determinations  had  been  adequately  established. 

Up  to  this  point,  all  experiments  had  been  carried  out  using  a  load  of 
300  grams  and  proportionality  was  tacitly  assumed.  With  a  better  under¬ 
standing  of  the  causes  of  variation,  it  was  now  pos.sible  to  investigate  this 
proportionality  more  fully. 

Experiments  both  on  stainless  steel  and  acrylic  resin  (Perspex)  showed 
that  friction  was  indeed  proportional  to  load  over  the  whole  range  investi¬ 
gated  (30  grams  up  to  500  grams),  and  that  the  deviations  were  within  the 
limits  of  reproducibility.  It  is  doubtful  whether  any  clasp  would  exert  a 
force  greater  than  500  grams  so  that  this  range  effectively  covers  clinical 
conditions. 

CONCLUSIONS 

These  experiments  established  that,  in  the  presence  of  saliva,  the  co- 
eflfieient  of  static  friction  between  tooth  and  denture  metal  was  about  0.2. 
This  was  an  average  value,  which  could  be  affected  quite  markedly  by  grease 
contamination.  Most  striking,  however,  was  the  effect  of  saliva,  which,  pre¬ 
sumably  by  its  detergent  action,  consistently  increased  the  coefficient  of  fiic- 
tion.  The  more  carefully  the  surfaces  were  cleaned,  the  sinaller  the  influence 
of  the  saliva.  Neither  the  nature  of  the  saliva,  nor  of  the  enamel,  appeared 
to  matter.  Teeth  from  9  patients,  chosen  at  random,  and  saliva  from  3  others, 
gave  results  which  agreed  within  experimental  error. 

Grease  contamination  on  the  acrylic  and  epoxy-resin  surfaces  was  more 
.serious,  so  that  although  /i*  lay  between  0.4  and  0.5  for  cleaned  surfaces,  it 
dropped  below  0.2  when  they  were  heavily  contaminated.  However,  0.3  might 
be  regarded  as  a  fair  lower  limit  in  the  mouth,  where  continuous  small  move¬ 
ments  help  to  clean  the  area  of  contact.  This  argument  is  supported  by  the 
behavior  of  the  Araldite-tipped  clasp  in  Fig.  3. 

Surface  roughness  is  generally  of  no  importance.  Roughening  the  surface 
of  a  stainless  steel  clasp  would  not  increase  its  retention  for  stainless  steel  is 
too  soft.  Chrome  cobalt,  on  the  other  hand,  is  much  harder.  Roughening  it 
might  effect  a  50  per  cent  increase  in  retention  but,  almost  certainly,  at  the 
expense  of  tooth  attrition.  The  relatively  low  value  of  0.2  for  metals  may 
possibly  explain  why  the  clasp  is  frequently  regarded  as  a  means  of  supply¬ 
ing  bracing  rather  than  retention.  However,  it  is  equally  clear  that  it  is 
possible  to  increase  retention  by  at  least  50  per  cent.  For  example,  clasps  of 
cast  chrome  cobalt,  unless  carefully  polished,  probably  give  greater  retention 
than  other  metal  clasps  but  at  the  expense  of  the  tooth  wear.  Tipping  clasps 
with  Araldite  has  been  tried  by  the  author,  but  the  verdict  is,  as  yet,  incon¬ 
clusive.  There  appears  to  be  an  immediate  increase  in  retention,  but  it  may 
be  only  temporary. 
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SUMMARY 

Some  experiments  were  carried  out  to  measure  the  coefficient  of  static 
friction,  ^g,  between  tooth  enamel  and  various  clasp  materials  in  the  presence 
of  saliva.  Five  different  materials  were  examined,  chrome  cobalt,  white  gold, 
stainless  steel,  acrylic  resin,  and  an  epoxy  resin,  Araldite. 

For  metals,  /xg  was  found  to  lie  between  0.15  and  0.24  and  this  wide 
variation  was  largely  due  to  surface  contamination.  The  upper  value  was 
obtained  when  the  surfaces  were  very  carefully  cleaned.  Variations  due  to 
temperature  were  negligible  and  the  nature  of  the  saliva  did  not  appear  to  be 
important.  However,  surface  roughness  had  a  marked  effect  under  certain 
conditions.  With  chreme  cobalt,  which  is  harder  than  enamel,  roughening 
the  surface  can  double  the  friction.  With  the  other  materials  tested,  no  such 
effect  was  observed. 

Both  resins  have  a  higher  coefficient  of  friction  than  the  metals,  but  both 
are  rather  more  sensitive  to  contamination,  Araldite  particularly  so.  When 
their  surfaces  are  clean,  their  coefficients  of  static  friction  are: 

acrylic  resin  -  /xg  =  0.4, 

Araldite  -  /xg  =  0.5, 

but  under  oral  conditions  a  value  between  0.3  and  0.35  is  more  probable. 
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A  COMPARISON  OP  THE  DENTAL  CARIES  EXPERIENCE  IN 
MALE  AND  FEMALE  RATS  RECEIVING  THE  SAME 
AMOUNT  OF  CARIOGENIC  DIET 

JOSEPH  C.  MUHLER 

Department  of  Biochemistry,  Indiana  University,  Indiana  University  Medical  Center, 

Indianapolis,  Ind. 

PREVIOUS  dental  caries  studies  conducted  in  these  laboratories  have  gen¬ 
erally  indieated  that  control  male  rats  have  a  higher  dental  caries  incidence 
than  litterinate  females,  although  this  has  not  always  been  a  consistent  finding. 
In  an  attempt  to  explain  such  differences,  Muhler  and  ShafeF’  *  have  exten¬ 
sively  studied  the  relationship  of  orehiectomy  and  ovariectomy,  as  well  as  the 
effect  of  sex  hormone  replacement  therapy  on  the  dental  caries  experience  in 
rats.  However,  at  present,  no  adequate  evidence  is  available  in  order  to  clarify 
this  problem.  Among  human  beings,  females  most  frequently  have  a  greater 
caries  experience  than  maU^s  of  the  same  age;  the  explanation  for  this  being 
that  the  permanent  teeth  in  females  erupt  earlier  than  in  males  and  receive 
the  cariogenic  influenee  of  the  oral  environment  for  a  longer  period  of  time.  In 
the  experimental  animal,  evidence  has  been  presented  which  indicates  that  food 
intake  significantly  influences  the  caries  experience.®  Thus,  food  intake  both 
in  human  beings  and  in  experimental  animals  seems  to  l)e  directly  involved  in 
caries  initiation,  so,  in  order  to  study  the  apparent  sex  difference  which  exists 
in  rats,  this  study  was  conducted  in  which  lM)th  male  and  female  rats  received 
identical  amounts  of  the  cariogenic  diet. 

EXPERIMENTAL 

A  total  of  72  weanling  Sprague-Dawley  strain  rats  were  equallj’  divided 
according  to  sex.  Both  groups  received  the  same  amount  of  stock  com  cario¬ 
genic  diet*  daily  by  means  of  a  matched-feeding  technic.  Each  of  the  72  ani¬ 
mals  was  placed  in  an  individual  cage,  and  each  day  the  females  were  given  a 
weighed  amount  of  food.  The  mean  amount  of  footl  for  the  group  was  caleu- 
lated  and  this  exact  amount  was  given  to  all  the  males.  Obviously,  the  males 
were  one  day  behind  the  females  throughout  the  entire  study,  since  their  daily 
food  consumption  was  based  upon  the  estimated  footl  eonsumption  of  the  fe¬ 
males  obtained  the  previous  day.  If  all  the  females  ate  the  entire  amount  of 

This  study  was  supported  in  part  by  a  grant  from  The  Procter  and  Gamble  Company, 
Cincinnati,  Ohio. 

Received  for  publication  Jan.  15,  1969 :  revised  by  author  Aug.  18,  1959. 

’Composition  of  diet  was  as  follows:  Yellow  corn  grits,  52.7  per  cent;  ground  yellow 
whole  corn,  11.3  per  cent;  powdered  whole  milk,  30  per  cent;  alfalfa,  4.8  per  cent;  iodized 
sodium  chloride,  1  per  cent ;  and  irradiated  yeast,  0.2  per  cent. 
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food  provided,  it  was  increased  by  1  gram  each  day  until  such  a  time  as  they 
failed  to  eat  the  entire  amount.  At  this  point,  it  was  decreased  by  1  gram  until 
they  again  all  ate  the  entire  amount  provided.  By  following  such  feeding  tech¬ 
nics,  almost  identical  amounts  of  diet  were  provided  for  all  male  and  female 
animals.  At  the  termination  of  each  monthly  period  (Table  I),  it  was  found 
that  the  males  always  had  a  slightly  higher  food  consumption,  this  being  the 
result  of  3  or  4  females  failing  to  eat  the  entire  amount  of  diet  each  day,  while 
every  male  ate  the  entire  amount  provided.  However,  the  differences  in  food 
eon.sumption  between  groups  over  the  entire  experimental  period  of  122  days 
were  considered  insignificant,  and  it  is  felt  that  good  paired-feeding  technics 
were  achieved  by  this  method.  Two  of  the  females  failed  to  cat  and  grow 
properly  and  were  dropped  from  the  study  along  with  their  two  paired  males, 
resulting  in  only  34  pairs  finishing  the  study. 


Table  I 

A  Comparison  of  Body  Weights  and  Dental  Caries  Experience  of  Male  and  Female  Rats  Gives 
Approximately  the  Same  Amount  of  Cariogenic  Diet  Daily  for  122  Days 


NO.  OF 

ANI- 

MEAN  FOOD  CONSUMPTION 
(GRAMS  PER  DAY) 

MEAN  WEIGHT 

(grams  per  PERIOD — IN  DAYS) 

MEAN 

NUMBER 

OF 

DENTAL 

GROUP 

MALS 

1  MARCH  1 

APRIL  1 

MAY  1 

1  JUNE 

1  0 

1  15  1  44  1  63  1 

122 

LESIONS 

Male 

Female 

34 

34 

10.67  ±  0.09* 
10.27  ±  0.16 

11.25  +  0.13 
10.73  ±  0.11 

10.30  ±  0.08 
10.06  ±0.10 

10.46  ±0.17 
10.19  ±0.19 

65.1 

59.0 

113.6  185.4  234.6 

102.6  159.4  197.5 

259.0 

206.9 

4.0  ±  0.8 
6.8  ±  1.2 

•standard  deviation. 


All  of  the  animals  received  fluorine-low  drinking  Water  (F  =  0.05  /tg/ml.) 
and  were  housed  in  raised  screen  cages  in  an  air-conditioned  room.  At  the  end 
of  the  experimental  period  of  122  days,  the  animals  were  sacrificed  by  ether 
and  the  heads  were  removed  for  dental  caries  evaluation,  as  previously  de¬ 
scribed.^ 

DATA  AND  DISCUSSION 

The  dental  caries  data  obtained  by  feeding  equal  amounts  of  a  cariogenic 
diet  to  male  and  female  rats  are  seen  in  Table  I.  These  data  indicate  that  the 
females  had  a  greater  amount  of  dental  caries  than  the  males,  even  though  the 
amount  of  diet  each  sex  received  was  almost  identical.  The  reason  for  the  sig¬ 
nificant  difference  in  dental  caries  between  males  and  females  (p  =  0.01)  is 
not  known,  but  may  be  related  to  the  effect  that  food  restriction  has  on  the 
endocrine  system  in  the  male,  thus  affecting  the  pituitary  and  thyroid  glands 
which  are  known  to  affect  the  caries  experience  in  the  rat.®-  *  Much  remains 
to  be  learned,  however,  alxmt  the  effect  the  endocrine  system  has  on  dental 
caries,  and  definite  conclusions  cannot  be  made  on  the  basis  of  present  informa¬ 
tion.  It  seems  highly  probable  that  the  greater  increase  in  dental  caries  is 
related  to  frequency  of  food  ingestion.  In  this  study,  the  females  received  all 
the  food  they  desired,  thus  eating  it  at  their  leisure,  which  in  all  probability 
was  many  different  times  throughout  a  24-hour  period.  The  males,  on  the 
other  hand,  were  receiving  a  restricted  diet  and  when  food  was  made  available 
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to  them,  they  ate  the  entire  amount  promptly.  Thus,  while  the  total  amount  of 
diet  consumed  was  equal  in  the  two  groups,  the  frequency  of  ingestion  was  un¬ 
doubtedly  different.  That  frequency  of  food  ingestion  is  related  to  the  dental 
caries  experience  in  the  rat  has  previously  been  demonstrated.® 

It  was  reasoned  that  if  all  the  animals  received  the  same  amount  of  diet, 
the  variability  between  animals  in  a  particular  group  would  be  markedly  de¬ 
creased.  This  was  not  the  case,  since  approximately  the  same  degree  of  varia¬ 
bility  was  found  in  tbe  animals  of  this  study  as  existed  in  previous  studies  in 
which  the  food  was  provided  ad  libitum.  It  appears  from  these  data  that  no 
advantage  can  be  achieved  in  eliminating  experimental  error  by  providing  all 
of  the  animals  in  a  large  group  with  the  same  amount  of  diet.  Apparently 
individual  animal  variations,  or  other  unknown  caries  initiating  factors,  com¬ 
pletely  overshadow  the  effect  of  diet. 


SUMM.\RY 

A  comparLson  of  the  dental  caries  experience  in  rats  was  made  between 
males  and  females,  both  of  which  received  similar  amounts  of  cariogenic  diet 
for  122  days.  The  results  indicated  that  the  males  had  a  mean  caries  score  of 
4.0  lesions  and  the  females  6.8.  Some  reasons  for  these  apparent  sex  differ¬ 
ences  are  discus.sed. 
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THE  RELATIONSHIP  BETWEEN  FLUORIDE  INGESTION  AND 
URINARY  CALCIUM 

MARTIN  J.  WAGNER*  AND  JOSEPH  C.  MUHLER 

Department  of  Biochemistry,  Indiana  University  Medical  Center,  Indiana  University, 

Indianapolis,  Ind. 

A  NUMBER  of  studies  have  shown  an  interaction  between  the  metabolism 
of  fluoride  and  calcium.  Weddle  and  Muhler*  have  reported  that  calcium 
decreased  fluoride  retention  when  both  elements  were  supplied  in  drinking 
water.  Dietar\’  calcium  also  interfered  with  fluoride  utilization  in  a  study  by 
Lawrenz  and  Mitchell.-  The  effect  of  fluoride  on  senim  calcium  levels  has 
been  reported  by  Leone,  Geever,  and  Moran®  and  by  Maletz.*  Waldbott,®  in 
investigating  the  possibility  of  a  simple  and  reliable  test  for  “fluoride  in¬ 
tolerance,”  has  suggested  there  may  be  a  “coordination”  between  the  uri¬ 
nary  excretion  of  fluoride  and  calcium.  This  study  was  designed  to  ascertain 
if  a  definite  relationship  exists  between  the  level  of  fluoride  ingestion  and 
excretion  and  the  amount  of  calcium  excreted  in  the  urine.  This  involved  the 
use  of  subjects  picked  at  random,  whose  previous  fluoride  experience  was  not 
known  or  ascertained  but  who  had  not  complained  of  any  of  the  suggested 
symptoms  of  “fluoride  intolerance.” 

EXPERIMENTAL  METHODS 

Six  young  adult  men  were  selected  as  subjects  for  these  experiments. 
Three  of' the  subjects  were  given  7  mg.  of  fluoride  (as  NaF)  in  the  fonn  of 
fluoride  tablets  containing  1  mg.  F  each.  The  second  group  of  three  sub¬ 
jects  each  received  14  mg.  F.  Urine  samples  were  collected  in  jiolyethylene 
bottles  at  11/2?  3,  24,  and  48  hours  after  fluoride  ingestion.  All  additional 
urine  voided  in  the  two  24-hour  ])eriods  following  ingestion  was  also  col-- 
lected  for  analysis  in  order  to  determine  the  proportion  of  ingested  fluoride 
retained.  In  order  to  determine  each  subject’s  fluoride  excretion  under  nor¬ 
mal  conditions,  total  24-hour  samples  were  taken  for  the  2  days  preceding 
the  experiment.  These  values  were  used  as  control  for  each  subject  in  order 
to  judge  the  effect  of  the  experimental  conditions.  The  subjects  were  in¬ 
structed  to  abstain  from  the  principal  sources  of  dietary  calcium,  such  as 
milk  and  milk  products  and  green  and  yellow  leafy  vegetables,  during  the 
experiment  in  order  to  minimize  variations  in  the  urinary  calcium  levels  aris¬ 
ing  from  this  source. 

Received  for  publication  Feb.  24.  1959;  revised  by  authors  Oct.  5,  1959. 
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Fluoride  analyses  were  run  in  duplicate  on  each  sample  by  pipetting  50.0 
ml.  of  urine  into  a  silica  dish  containing  0.3  gram  of  low-fluoride  calcium  ox¬ 
ide.  The  urine  was  evaporated  to  dryness  under  an  infra-red  lamp  and  ashed 
for  6  hours  at  600°  C.  Fluoride  analyses  were  performed  according  to  the 
methods  of  Smith  and  Gardner.® 

A  study  of  the  normal  variation  in  the  urinary  calcium  level  when  sup¬ 
plemental  fluoride  is  not  ingested  was  performed  in  2  subjects.  Urinary  cal¬ 
cium  and  fluoride  was  determined  on  a  series  of  consecutive  voidings  of  urine 
for  a  period  in  which  calcium  ingestion  was  minimized  as  above.  These  sub¬ 
jects  received  no  fluoride  tablets  and  used,  as  did  all  the  subjects  in  this  study, 
a  low-fluoride  (F=0.1  ppm)  drinking  water.  Calcium  determinations  were 
performed  by  the  quantitative  method  of  Barney  and  Sulkowitch,^  adapted 
from  these  author’s  semiquantitative  clinical  estimation  of  urinary  calcium. 

DATA  AND  DISCUSSION 

The  results  of  urinary  fluoride  analyses  in  the  subjects  receiving  either 
7  or  14  mg.  of  fluoride  are  given  in  Table  I.  The  increase  in  the  amount  and 
concentration  of  urinary  fluoride  following  fluoride  ingestion  was  rapid;  an 


Table  I 

Results  op  Urinary  Fluoride  Analysis  From  Subjects  Ingesting  Either  7  or  14  mg.  F 


•Figures  in  parenthesis  are  concentrations  of  fluoride  expressed  in  ppm. 

average  of  38  per  cent  of  the  fluoride  excreted  in  the  48  houi-s  after  ingestion 
appeared  in  the  first  3  hours.  This  suggests  that  fluoride  is  rapidly  absorbed 
and  that  the  proportion  of  absorbed  fluoride  that  will  be  excreted  is  rapidly 
cleared  from  the  blood.  The  values  in  the  columns  headed  “Total  F  excreted 
...”  include  the  amounts  of  fluoride  excreted  in  the  spot  samples  and  empha¬ 
size  the  rapid  excretion  of  fluoride  in  the  first  hours  following  ingestion.  The 
concentration  of  fluoride  in  urine  increased  from  an  average  of  0.37  ppm  for 
the  6  subjects  prior  to  fluoride  ingestion  to  an  average  at  3  houi*s  after  in¬ 
gestion  of  4.6  ppm. 

In  contrast  to  the  data  of  McClure,®  who  used  smaller  quantities  of 
fluoride,  the  proportion  of  ingested  fluoride  which  was  excreted  in  the  first 
48  hours  did  not  exceed  48  per  cent  in  any  of  the  subjects.  The  proportion 
excreted  by  those  subjects  ingesting  7  mg.  F  was  greater  than  in  the  sub¬ 
jects  receiving  14  mg. 
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The  results  of  calcium  analyses  of  the  same  urine  samples  in  which 
fluoride  was  determined  appear  in  Table  II.  There  was  no  apparent  relation¬ 
ship  between  the  amount  of  calcium  excreted  and  the  amount  of  fluoride  ex¬ 
creted.  The  decrease  seen  by  Waldbott  in  the  amount  of  calcium  initially 
excreted  after  fluoride  ingestion  did  not  occur  with  any  degree  of  regularity 
nor  was  there  any  over-all  pattern  in  the  variation  of  calcium  concentrations. 


Table  II 

Re.sults  op  Urinary  Calcium  Analysis  From  Subjects  Ingesting  Either  7  or  14  mo.  F 


1 

1 

1  TOTAL  MG.  ca IN 

SUB- 

MG.  P 

1  MG.  ca  IN  URINE  POLLOWING  P  INGESTION 

24  HR. 

24  HR. 

JECT 

GIVEN 

1  1.5  HR.  1 

3  HR. 

1  24  HR. 

1  48  HR. 

PRE  P 

POST  P 

B.  W. 

14 

45  (16.5)* 

17  (  9.9) 

54  (21.8) 

78  (21.8) 

218  (17.8) 

183  (11.9) 

D.D. 

14 

26  (34.3) 

45  (44.8) 

65  (25.0) 

51  (29.0) 

296  (29.0) 

576  (27.6) 

G.  S. 

14 

44  (54.8) 

34  (31.0) 

54  (35.0) 

244  (25.7) 

396  (34.6) 

M.  W. 

7 

114  (37.6) 

60  (27.7) 

84  (25.7) 

176  (32.3) 

416  (27.6) 

W.  B. 

7 

13  (12.5) 

12  (14.5) 

5  (  7.2) 

29  (10.6) 

229  (11.9) 

177  (  8.9) 

G.  P. 

7 

17  (34.0) 

19  (24.1) 

64  (27.1) 

82  (30.8) 

348  (42.5) 

248  (29.3) 

•Figrures  in  parentheses  are  concentration  of  Ca  in  mg%. 


The  total  calcium  excreted  in  the  24  hours  after  fluoride  administration  was 
greater  in  3  subjects  and  lower  in  the  remaining  3  subjects,  when  compared 
to  each  subject’s  24-hour  calcium  values  prior  to  fluoride  ingestion. 

The  difficulty  in  deriving  any  relationships  between  urinary  calcium  and 
fluoride  excretion  values  is  emphasized  by  the  data  found  in  Table  III.  These 
values  for  urinary  calcium  and  fluoride  were  determined  on  consecutive  urine 


Table  111 

Variatio.v  in  Calcium  ani>  Fluoride  Levels  in  Consecutive  Urine  Samples  op  Subjects 
ON  A  Low-Fluoride,  Low-Calcium  Diet 


SUBJECT  1 

SAMPLE  NUMBER  | 

Mgr 

1  Mg.  ca 

1  PPM  P 

1  MG.%  ca 

J.M. 

1 

65 

45 

0.27 

19.0 

2 

197 

80 

0.42 

17.0 

3 

239 

63 

0.78 

21.0 

' 

4 

287 

53 

0.63 

12.0 

Correlation 

-hO.87 

-1-0.83 

G.  S. 

1 

91 

95 

0.26 

28.0 

2 

135 

88 

0.29 

19.0 

3 

83 

187 

0.23 

51.0 

4 

73 

230 

0.18 

57.0 

5 

81 

86 

0.21 

22.0 

6 

38 

82 

0.30 

66.0 

7 

70 

100 

0.36 

51.0 

8 

58 

182 

0.22 

69.0 

9 

22 

143 

0.10 

66.0 

10 

23 

154 

0.05 

30.0 

Correlation 

-0.13 

-kO.43 

voidings  of  2  subjects  on  a  low-calcium  regime  and  using  a  low-fluoride  drink¬ 
ing  water.  Rank  difference  correlation  methods  yield  high  positive  correla¬ 
tion  values  for  1  subject  between  the  concentrations  of  fluoride  and  calcium 
excreted  and  between  the  amounts  excreted  of  the  two  elements,  the  latter 
in  contrast  to  the  data  of  Waldbott,  who  reported  decreased  calcium  ex¬ 
cretion  following  fluoride  ingestion.  The  same  examination  of  the  second 
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subject’s  urinary  calcium  and  fluoride  values  yields  a  negative  correlation  be¬ 
tween  amounts  excreted  and  a  low  positive  correlation  between  concentra¬ 
tions  of  fluoride  and  calcium.  The  lack  of  consistent  correlation  values  in 
consecutive  samples  from  the  same  subject  precludes  the  possibility  of  using 
calcium  excretion  values  as  a  reliable  reflection  of  the  state  of  fluoride  me¬ 
tabolism  in  the  body,  particularly  with  the  small  number  of  samples  desired 
in  such  a  test. 

•The  possibility  that  the  lack  of  a  consistent  reaction  to  fluoride  ingestion 
was  due  to  differences  in  the  pre-experiment  fluoride  experience  of  the  sub¬ 
jects  is  not  suggested  by  the  closely  similar  pre-experiment  urinary  fluoride 
values  obtained. 


CONCLUSIONS 

The  urinary  excretion  of  fluoride  administered  orally  to  adult  males  was 
rapid,  but  only  about  one  third  was  excreted  in  the  48  hours  following  in¬ 
gestion. 

Urinary  calcium  values  bore  little  or  no  relationship  to  the  fluoride  in¬ 
gested  nor  to  the  urinary  fluoride  excreted,  either  in  total  amount  or  in  con¬ 
centration.  No  consistent  pattern  of  calcium  excretion  during  the  hours  after 
fluoride  administration  was  noted. 
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HISTOCHEMISTRY  OF  BONE  MATRIX  DIHHNG  REST 
AND  RESORPTION 
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The  COMPONENTS  of  bone  which  must  interact  in  a  way  that  accounts 
for  the  physical  and  chemical  properties  of  the  tissue  have  been  analyzed  in 
some  detail.  The  collagen  of  bone,  which  comprises  about  18  per  cent  of  the 
weight  of  air-dried  bone,^  has  an  amino  acid  composition  nearly  identical  to 
that  of  skin  collagen.*’  *  The  mineral  crystallite  surface  ions  available  for 
interaction  with  the  other  components  are  calcium,  phosphate,  hydroxyl,  car¬ 
bonate,  perhaps  citrate,  and  some  minor  components.* 

Eastoe  and  Eastoe*  extracted  1.25  per  cent  of  the  weight  of  air-dried 
cortical  bone  as  mineral  by  boiling  bone  powder  in  water  for  24  hours  and 
ashing  the  supernatant.  Robinson  and  Watson®  noted  that  this  procedure 
reduced  crj'stallite  size  (as  determined  in  the  electron  microscope)  by  only 
0.03  per  cent.  Robinson®  has  also  reported  that  glycol-ashed  bone  exchanges 
only  one  third  as  much  radiocalcium  as  fresh  bone,  but  that  the  crystallite  size 
in  the  two  preparations  is  essentially  the  same.  These  data  indicate  that  there 
may  be  a  strikingly  lai^e  amount  of  extracrystalline  calcium  associated  with 
the  organic  matrix  of  bone. 

The  water  content  of  living  bone  cannot  be  precisely  measured,  but  20  per 
cent  of  the  weight  of  fresh  bone  is  the  usual  estimate.^  Neuman,  Toribara, 
and  Mulryan®  have  estimated  the  water  content  of  cortical  bone  at  nearer  11 
per  cent  of  the  weight  of  fresh  bone,  and  presented  evidence  indicating  that 
almost  all  of  this  may  be  water  of  hydration. 

The  amount  of  polyaccharide-protein  complexes  in  bone  is  0.24  per  cent  of 
the  weight  of  air-dried  bone.^  These  complexes  contain  a  protein  which  is  not 
collagen.^  The  complexes  have  been  separated  into  two  fractions.®  One  frac¬ 
tion  (approximately  one  tenth  of  the  total)  is  chondroitin  sulfate,  with  little 
associated  protein.  The  other  fraction  (nine  tenths  of  the  total)  consists  of 
several  neutral  heteropolysaccharides  combined  with  a  considerable  amount  of 
protein.  Disehe,  Danilczenko,  and  Zelmenis*®  have  estimated  the  neutral 
heteropolysaccharide  content  of  calf  femur  shaft  as  0.05  per  cent  of  the  weight 
of  oven-dried  bone. 

From  a  thesis  submitted  in  partial  fulfillment  of  the  requirements  for  the  degree  of  Doctor 
of  Philosophy  in  the  Graduate  College,  Chicago  Professional  Colleges,  University  of  Illinois. 

This  investigation  was  supported  by  a  Fellowship  (DF  7272)  from  the  National  Institute 
of  Dental  Research,  Public  Health  Service,  and  by  a  grant  from  the  Research  Board  of  the 
University  of  Illinois. 
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Bone  also  contains  1.02  per  cent  (of  the  weight  of  air-dried  bone)  of  a 
protein  resistant  to  degradation  by  autoclaving,^  about  1  per  cent  (of  the  weight 
of  dried,  defatted  bone)  of  citric  acid,”  and  0.0629  per  cent  (of  the  weight  of 
bone  dried  at  105°  C.)  of  lipid.”  Since  the  distribution  within  the  matrix  of 
these  components  is  not  known,  they  were  excepted  from  consideration  in 
this  investigation. 

A  substantial  body  of  information  exists  as  a  guide  when  considering  the 
possible  interactions  among  bone  matrix  components.  That  mucopolysaccharides 
can  react  with  calcium  ions  is  indicated  by  the  reports  of  Boyd  and  Neuman,^® 
and  Farber,  Schubert,  and  Schuster.”  Glimcher,  Hodge,  and  Schmitt”  and 
Solomons  and  Irving”  have  presented  evidence  for  the  interaction  of  calcium 
with  collagen.  A  number  of  chemical  analyses”’  ”  indicate  that  a  complex 
of  mucopolysaccharides  and  collagen  occurs  in  several  tissues,  and  the  collagen 
precipitation  studies  of  Highberger,  Gross,  and  Schmitt”  and  Gross,  Highberger, 
and  Schmitt^"’  further  indicate  an  interaction  between  collagen  and  mucopoly- 
.saccharides.  In  summary,  calcium  may  interact  with  collagen  or  mucopolsae- 
charides,  and  collagen  may  interact  with  mucopolysaccharides.  Study  of  the 
neutral  heteropolysaccharides  has  been  initiated  too  recently  to  allow  determi¬ 
nation  of  their  pos.sible  interactions.  Neither  the  precise  distribution  nor  the 
physiologic  role  of  water  in  bone  matrix  is  known,  but  they  are  surely  of 
critical  importance.  Since  no  reliable  histochemical  method  for  locating  water 
in  tissue  sections  has  been  published,  the  role  of  water  in  bone  matrix  inter¬ 
actions  is  not  dealt  with  in  this  report. 

One  of  the  approaches  that  might  allow  determination  of  the  interactions 
occurring  in  bone  matrix  is  a  study  of  its  histochemical  characteristics.  Stains 
of  particular  value  in  this  respect  are  toluidin  blue,  which  may  allow  assessment 
of  the  masking  of  sulfate  and  carboxyl  groups  of  acid  mucopolysaccharides,*- 
the  periodic  acid-Schiff  technic  which  detects  the  availability  of  adjacent 
hydroxyl  groups  of  neutral  heteropolysaccharides  and  mucopolysaccharides,  as 
well  as  the  adjacent  hydroxyl  and  aeetylated  amino  groups  of  the  mucopoly¬ 
saccharides,*®  alizarin  red  S  to  detect  cations,”  and  silver  nitrate  to  detect 
anions.*® 

Calcified  bone  has  been  described  as  very  weakly  periodic  acid-Schiff  positive 
or  negative*®’  **  faintly  positive,**’  *®  positive,*®’  *^  and  strongly  positive.**  Cal¬ 
cified  bone  has  been  described  as  metachromatic  or  slightly  metachromatic*’’  **•  ** 
and  orthochromatic.*^’  **’  *®’  *®  These  divergent  descriptions  may  be  ascribed 
to  differences  in  the  ages  of  animals  used,  methods  of  fixation,  concentrations 
of  the  stains  used,  and  other  differences  in  methods.  ^ 

Bone  matrix  during  resorption  has  been  described  as  more  periodic  acid- 
Schiff  positive  than  normal.**’  **’  **’  *®  In  only  one  of  these  papers**  was  the 
matrix  studied  bordering  osteoclasts.  Heller-Steinberg**  noted  that  bone  matrix 
undergoing  resorption  may  be  more  strongly  metachromatic  than  normal,  but 
the  staining  is  not  consistent.  The  same  author  reported  that  bone  matrix 
which  was  presumbably  undergoing  resorption  (not  necessarily  beneath  osteo¬ 
clasts)  was  more  reactive  with  silver  nitrate. 
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Several  studies  have  dealt  with  the  histochemical  characteristics  of  mature 
bone  treated  with  various  reagents.  Heller-Steinberg,^^  Lorber,*®  Pritchard,®* 
and  Schajowicz  and  Cabrini®*  reported  that  acid-decaleification  increased  the 
metachromasia  of  bone  matrix,  and  Levine,  Rubin,  Follis,  and  Howard®®  stated 
that  if  decalcification  was  continued  long  enough  this  metachromasia  would  be 
lost.  Belanger®®  reported  that  the  normal  metachromasia  of  bone  was  pre¬ 
vented  by  treatment  mth  hyaluronidase.  Heller-Steinberg*®  noted  that  decalci¬ 
fication  increased  the  periodic  acid-Schiff  reactivity  of  bone. 

The  results  of  histochemical  studies  of  calcified  bone  are  conflicting,  es¬ 
pecially  concerning  metachromasia.  The  studies  of  the  periodic  acid-Schiff 
reaction  of  the  bone  matrix  during  resorption  are  in  agreement,  but,  with  one 
exception,  do  not  specifically  describe  the  matrix  adjacent  to  osteoclasts,  the 
traditionally  accepted  area  of  bone  resorption.  The  same  objection  applies  to 
the  report  describing  the  toluidin  blue  and  silver  nitrate-staining  reactions  of 
bone  matrix  undergoing  resorption.  The  reports  describing  metachromasia  in 
acid-demineralized  bone  are  consi.stent  but,  in  view  of  the  disagreement  concern¬ 
ing  the  metachromatic  reaction  of  resting  bone,  they  are  difficult  to  interpret. 

The  objectives  of  the  present  investigation  were  to  determine  the  effects 
of  some  critical  variables  on  the  results  of  bone  matrix  staining  by  certain  histo- 
ehemieal  procedures,  to  compare  the  histochemical  characteristics  of  bone  matrix 
during  rest  and  resorption,  and  to  determine  the  effects  of  selective  removal  of 
one  or  more  of  the  components  of  the  matrix  on  staining  by  histochemical 
procedures. 

MATERIALS  AND  METHODS 

Ten  Holtzmann  rats,  5  weeks  of  age  (to  allow  serial  sectioning),  were 
used.  Four  of  the  rats  had  received  from  500  to  700  units  of  parathyroid 
extract*  approximately  12  hours  before  they  were  sacrificed.  The  distal 
ends  of  the  femora  and  proximal  ends  of  the  tibiae  were  quickly  dissected  free 
of  muscle,  tendon,  and  ligaments,  split  longitudinally,  immersed  in  isopentane 
chilled  in  liquid  nitrogen,  and  dehydrated  one  week  in  vacuo  at  '30°  C.  These 
l)one  fragments  were  then  embedded  in  methacrylate,  by  a  method  previously 
described,^"  and  stored  in  a  freezer.  Seven  micron  serial  sections  were  cut  as 
needed,  mounted  on  albuminized  slides,  and  the  plastic  removed  by  placing  the 
slides  in  xylene  for  4  hours.  Sections  other  than  those  used  for  collagenase 
digestion  were  post-fixed  overnight  in  absolute  alcohol. 

Staining  of  Sections  of  Calcified  Bone  Matrix  During  Best  and  Resorption. — 

Initially,  sections  of  parathyroid  extract-treated  bone  and  resting  (control) 
bone  were  placed  on  each  slide.  When  it  became  obvious  that  nearly  all  bone 
matrix  in  both  sections  responded  to  the  histochemical  procedures  in  an  identi¬ 
cal  manner,  only  parathyroid  extract-treated  bone  was  mounted,  and  the  matrix 
beneath  osteoclasts  was  compared  with  the  surrounding  matrix. 

*Gli  Lilly  &  Co.,  Indianapolis,  Ind. 
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Alternate  sections  were  stained  with  hematoxylin  and  eosin  to  facilitate 
identification  of  osteoclasts.  The  remaining  sections  were  stained  with  the 
periodic  acid-Schiff  procedure,  toluidin  blue,  silver  nitrate,  alizarin,  or  picro- 
fuchsin. 

The  technic  described  by  Hotchkiss*^  using  alcoholic  periodic  acid  was 
used  for  periodic  acid-Schiff  staining.  Oxidation  times  of  3,  4,  5,  10,  and  20 
minutes  were  used,  followed  by  3  rinses,  5  minutes  each,  either  Hotchkiss  reducing 
rinse  or  70  per  cent  eihanol,  and  exposure  to  leucofuchsin  for  5,  8,  10,  15,  and 
30  minutes.  Counterstaining  was  done  with  0.75  per  cent  methyl  green  (chloro¬ 
form  extracted)  for  5  minutes  followed  by  rapid  ethanol  dehydration,  clearing 
in  xylene,  and  mounting  in  Harelco  synthetic  resin  (H.S.R.).  Sections  treated 
in  an  identical  manner,  but  either  omitting  periodic  acid  oxidation  or  pretreat¬ 
ing  30  minutes  with  0.1  per  cent  diatase,^*  were  used  as  controls. 

In  attempting  to  duplicate  the  results  of  Heller-Steinberg^'  with  silver 
nitrate  staining,  several  modifications  of  her  method  were  used.  The  silver 
nitrate  solution  was  made  according  to  Gersh*®  and  diluted  with  distilled  water 
to  final  concentrations  of  0.25,  0.125,  0.05,  and  0.025  per  cent  silver  nitrate. 
After  10  minutes  in  the  silver  nitrate  solution  the  sections  were  flooded  with 
glycerol,  covered  with  cover  glasses  and  exposed  to  an  industrial  infrared  re¬ 
flector  bulb  (375  watts)*  at  a  distance  of  60  cm.  for  periods  of  from  1  to  15 
minutes.  The  slides  were  then  rinsed  for  from  15  to  20  minutes  in  several 
changes  of  distilled  water,  counterstained  for  5  minutes  in  0.75  per  cent  methyl 
green  (chloroform  extracted),  blotted,  rinsed  quickly  in  95  per  cent  and 
absolute  ethanols,  cleared  in  xylene  and  mounted  in  H.S.R. 

Toluidin  blue  Of  was  used  in  concentrations  of  0.5,  0.1,  and  0.03  per  cent  in 
distilled  water  at  pH  7.2  and  mounted  in  water,  or  in  H.S.R.  after  rapid 
dehydration  in  absolute  ethanol  and  clearing  in  xylene.  Other  sections  were 
stained  with  0.5,  0.1,  0.03  and  0.01  per  cent  toluidin  blue  in  demineralized 
water  at  pH  4.5,  the  pH  of  the  water  as  it  left  the  demineralizer. 

Alizarin  red  St  was  used  with  dehydration  in  acetone,*^  and  mounted  in 
H.S.R.  Solutions  of  2,  1,  and  0.1  per  cent  were  adjusted  to  pH  4.2^*  with 
dilute  ammonia  water  or  hydrochloric  acid.  Concentrations  of  0.1  per  cent 
(pH  5.2)  and  0.01  per  cent  (pH  6.4)  were  also  used  without  buffering. 
Staining  times  of  5,  10,  20,  and  30  minutes  were  used.  The  2  and  1  per  cent 
solutions  had  a  layer  of  undissolved  alizarin  at  the  Imttom  of  the  bottles  and 
were  shaken  before  pouring  into  the  staining  dishes. 

In  an  effort  to  learn  something  of  the  changes  which  may  occur  in  collagen 
during  bone  resorption,  sections  were  stained  with  pierofuchsin,  using  Lillie  V* 
modification  of  van  Gieson’s  stain,  but  omitting  the  hematoxylin.  Lillie’s 
formulation  of  Weigert’s  pierofuchsin  was  used  at  full  strength,  or  diluted 
1:1,  1:4,  and  1:9  with  ^  saturated  solution  of  picric  acid.  Staining  times  of 
from  to  15  minutes  were  used. 

•General  Electric,  Schenectady,  N.  Y. 

tNational  Aniline  Div.,  Allied  Chemical  &  Dye  Corp.,  New  York,  N.  Y. 
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Treatment  of  Sections  with  Various  Reagents. — 

Sections  of  bone  from  untreated  animals  were  exposed  for  from  1  second  to 
11  hours  to  saturated  solutions  of  Sequestrene  (disodium  ethylene  diamine  tetra¬ 
acetate)  at  37°  C.  or  for  from  15  seconds  to  10  minutes  to  1  per  cent  or  0.01  N 
(0.063  per  cent)  nitric  acid  at  room  temperature.  The  Sequestrene  was  ad¬ 
justed  to  pH  7.4  with  sodium  hydroxide,  solutions  adjusted  to  the  same  pH 
with  calcium  hydroxide  being  used  as  controls.  Similar  sections  were  treated 
for  from  2  minutes  to  3  hours  with  collagenase  ABC  Form  II  (Agricultural 
Biochemicals)  dissolved  in  pH  7.4  M/15  phosphate  buffer.  A  concentration  of 
1  mg.  per  milliliter  was  used  at  37°  C.  The  buffer  alone  was  used  as  a  control. 
Sections  used  for  collagenase  digestion  without  fixation  were  stored  in  xylene 
for  4  hours  to  remove  the  methacrylate,  hydrated  quickly  through  descending 
ethanols,  and  demineralized  10  minutes  in  Sequestrene.  Digestion  was  also 
attempted  in  some  sections  without  demineralization. 

From  the  range  of  variables  used  above,  a  standard  staining  procedure 
was  selected  for  use  with  reagent-treated  bone.  The  periodic  acid-Schiff  pro¬ 
cedure  was  used  without  a  counterstain.  The  oxidation  time  was  3  minutes, 
followed  by  3  alcohol  rinses,  5  minutes  each,  and  5  minutes  in  the  Schiff ’s  solution. 
Either  periodic  acid  oxidation  was  omitted  or  sections  were  pretreated  30 
minutes  with  0.1  per  cent  diastase^^  as  controls.  Toluidin  blue  0  was  used  at 
pH  4.5  and  7.2  at  a  concentration  of  0.03  per  cent  for  5  and  15  minutes. 
Slides  were  examined  immediately  in  water  and  subsequently  dehydrated 
rapidly  in  absolute  ethanol  before  mounting.  Alizarin  red  S  was  used  at  a 
concentration  of  0.1  per  cent,  unbuffered,  for  15  minutes,  followed  by  acetone 
dehydration.  Silver  nitrate  was  used  at  a  concentration  of  0.125  per  cent  for 
10  minutes  followed  by  10  minutes  exposure  to  light  and  methyl  green  counter- 
staining.  Some  slides  were  also  stained  by  the  von  Kossa  silver  nitrate  method.*- 
The  picrofuchsin  was  diluted  1 :1  with  saturated  picric  acid  and  applied  for  10 
minutes. 

OBSERVATIONS 

Comparison  of  the  Staining  of  Calcified  Bone  Matrix  During  Rest  and 

Resorption. — 

If  reducing  rinses  were  used  in  the  Hotchkiss  procedure,  bone  could  be 
stained  bright  pink  only  by  increasing  the  oxidation  time  with  periodic  acid 
to  10  to  20  minutes.  After  5  minutes’  oxidation  and  30  minutes  in  Schiff ’s 
solution,  the  bone  was  only  ver>'  faintly  colored,  while,  after  20  minutes  in  the 
periodic  acid  and  30  minutes  in  Schiff ’s  solution,  the  bone  was  bright  pink. 
With  alcohol  rinses  substituted  for  the  reducing  rinse  of  Hotchkiss,  oxidation 
times  as  short  as  3  minutes  with  only  5  minutes  staining  in  Schiff ’s  solution 
resulted  in  an  intensity  of  bone  staining  equal  to  that  of  the  longest  times  with 
the  reducing  rinse.  In  all  cases,  cartilage  cores  contained  within  bone  spicules 
stained  more  intensely  than  the  bone  matrix  surrounding  them  (Fig.  6).  In 
preparations  eounterstained  with  methyl  green,  most  cartilage  was  intensely 
green,  including  cartilage  cores  in  bone  spicules.  Regardless  of  the  periodic 
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acid-Schil¥  technique  used,  bone  matrix  adjacent  to  osteoclasts  (a  band  ap¬ 
proximately  3  /i  or  more  in  width)  was  always  more  intensely  stained  than  the 
surrounding  matrix  (Fig.  1).  This  bright  pink  or  red  edge  could  be  traced 
only  to  the  limits  of  the  osteoclasts,  never  beyond;  nor  was  it  seen  on  edges 
of  spicules  not  apposing  osteoclasts.  Osteoclasts  contained  granules  positive  to 
periodic  acid-Schiff,  as  noted  by  Heller-Steinberg.^’^  Omission  of  periodic  acid 
oxidation  resulted  in  sections  with  no  red  staining.  Diastase  digestion  had  no 
effect  on  the  staining  described. 

Initial  efforts  to  reproduce  the  results  of  Heller-Steinberg*’  with  silver 
nitrate  revealed  that  a  0.25  per  cent  solution  stained  the  sections  too  intensely 
to  allow  differentiation  of  shades  of  brown.  Using  shorter  exposures  to  light 
produced  shading,  but  if  exposure  was  less  than  10  minutes  the  sections  darkened 
rapidly  in  storage.  The  use  of  0.125  per  cent  silver  nitrate  and  light  exposures 


Fig.  1. — (All  figures  are  reduced  t4.)  Section  of  undecaicifled  bone  matrix  (left)  and 
adjacent  osteoclast  (right).  Stained  with  the  periodic  acld-Schlff  procedure,  counterstained 
with  methyl  green.  Arrows  indicate  the  periodic  acld-SchIfl  reactive  border  of  bone  matrix. 
The  space  between  the  matrix  and  the  osteoclast  is  an  artefact.  (Magnification  xl.OOO. ) 

Fig.  2. — Section  of  undecalcified  bone  matrix  and  adjacent  osteoclast.  Stained  with  Hel- 
ler-Steinberg's  dilute  silver  nitrate  procedure,  counterstained  with  methyl  green.  (Magnifica¬ 
tion  xl.OOO.) 

Fig.  3. — Section  of  undecalcified  bone  matrix  (left)  and  adjacent  osteoclast  (near  middle). 
Stained  with  0.03  per  cent  toluidin  blue  at  pH  7.2,  mounted  in  water.  The  bone  matrix  is 
unstained.  (Magnification  Xl.OOO.) 

Fig.  4. — Section  of  undecalcified  bone  matrix  (left)  and  adjacent  osteocla.st.  Stained 
with  0.1  per  cent  alizarin  red  S.  (Magnification  Xl.OOO.) 


of  from  10  to  15  minutes  consistently  produced  sections  with  shades  of  brown 
in  bone  matrix.  In  these  sections  the  margins  of  diaphyseal  spicules  and  the 
walls  of  lacunae  surrounding  osteocytes  were  more  darkly  stained  than  the 
bulk  of  the  matrix,  as  described  by  Heller-Steinberg.^'  However,  nearly  all 
margins  of  all  spicules,  in  both  normal  and  parathyroid  extract -treated  animals, 
reacted  the  .same.  Moreover,  the  edges  of  fracture  line  artefacts  in  spicules 
stained  black.  In  no  instance  was  the  matrix  adjacent  to  an  osteoclast,  which 
had  not  been  displaced  away  from  the  bone  during  preparation,  darker  than 
the  surrounding  matrix,  regardless  of  the  staining  routine.  No  silver  nitrate- 
staining  material  was  seen  within  osteoclasts  (Fig.  2). 
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The  results  of  staining  with  toluidin  blue  varied  markedly  with  the 
technic  used.  All  bone  matrix  could  be  made  to  stain  red-purple  when  ex¬ 
amined  in  water  if  the  concentration  of  the  dye  was  0.1  per  cent  or  greater 
(Fig.  10).  This  color  did  not  occur  at  pH  4,5,  and  was  destroyed  by  alcohol 
dehydration.  The  cartilage  cores  contained  within  bone  spicules  were  meta- 
chromatic  in  more  dilute  dye  solutions  (Fig.  8),  but  this  metachromasia  was 
not  always  found  if  the  solutions  were  at  pH  4.5,  and  was  usually  destroyed 
by  alcohol  dehydration.  The  matrix  bordering  osteoclasts  stained  the  same  as 
the  surrounding  matrix  in  every  instance  (Fig.  3).  Osteoclasts  contained 
metachromatic  granules  of  a  size  near  the  limit  of  resolution  of  the  microscope, 
but  their  metachromasia  was  sometimes  destroyed  by  alcohol  dehydration.  The 
matrix  lining  osteocyte  lacunae  was  occasionally  seen  to  be  metachromatic, 
even  after  alcohol  dehydration  (Fig.  9),  as  described  by  Lorber.’”  It  was  a 
thin  layer  of  material  and  was  not  found  consistently. 

Comparison  of  the  alizarin  staining  with  various  solutions  and  staining 
times  revealed  that  adjusting  the  pH  of  the  solutions  had  no  effect  on  the  stain¬ 
ing  intensity  or  distribution  of  staining.  If  2  or  1  per  cent  solutions  were 
used,  the  contrast  between  bone  and  marrow  was  inadequate.  At  lower  con¬ 
centrations,  bone  stained  red,  while  marrow  stained  pale  brown.  Staining 
with  0.1  per  cent  alizarin  red  S  for  10  to  20  minutes  yielded  the  maximum 
contrast  between  calcified  and  noncaleified  tissues.  No  differences  were  noted 
between  bone  matrix  and  the  cartilage  cores  contained  within  bone  spicules. 
The  bone  matrix  adjacent  to  osteoclasts  stained  more  deeply  than  the  surround¬ 
ing  matrix,  as  did  all  other  edges,  including  artefact  fracture  lines.  No 
difference,  therefore,  could  be  attributed  to  matrix  being  resorbed.  The  osteo¬ 
clasts  were  easily  identified  in  alizarin  preparations  since  they  contained 
numerous  red-staining  granules  (Fig,  4).  Using  full-strength  Weigert’s  picro- 
fuehsin,  the  red  staining  was  not  confined  to  collagen,  since  cells  also  stained. 
With  a  1:1  dilution  of  picrofuchsin  and  a  staining  time  of  10  minutes,  the  red 
color  of  bone  and  cartilage  was  intense,  while  the  cells  of  the  marrow  stained 
yellow.  No  difference  could  be  seen  between  bone  beneath  osteoclasts  and  resting 
matrix,  regardless  of  the  picrofuchsin  solution  used. 

Staining  Reactions  After  Demineralization  and  CoUagenase  Digestion. — 

Preliminary’  experiments  revealed  the  times  and  concentrations  most  useful 
for  demineralizing  sections  in  Sequestrene  and  nitric  acid.  Saturated  solutions 
of  Sequestrene  were  entirely  adequate,  while  the  usual  concentrations  of  nitric 
acid  used  in  demineralization  were  much  too  rapid  in  action  to  allow  evaluation 
of  staining  reactions  through  various  degrees  of  demineralization.  After  im¬ 
mersion  in  1  per  cent  nitric  acid  for  only  a  second  or  two,  most  of  the  mineral 
was  removed  before  the  section  could  be  rinsed.  Therefore,  a  concentration  of 
0,01  N  (0.063  per  cent)  nitric  acid  was  used  for  the  experiments  recorded  in 
Table  I. 

As  Tables  I  and  II  indicate,  the  correlation  between  the  times  of  deminer¬ 
alization  as  determined  by  alizarin  and  silver  nitrate  staining  was  quite  close. 
Negative  dilute  silver  nitrate  staining  was  confirmed  by  the  absence  of  staining 
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Fig.  5. — Section  of  undecalcifled  bone  matrix  (bone  at  left).  Treated  with  periodic  acid 
for  3  minutes,  rinsed  in  alcohol,  and  placed  in  Schiffs  solution  for  5  minutes.  (Magnification 
X400.) 

Fig.  6. — Section  of  bone  matrix  (bone  at  left)  demineralized  10  minutes  in  0.01  N  nitric 
acid.  Stained,  photographed  and  printed  as  in  Fig.  5.  Bone  matrix  is  stained  more  intensely 
than  in  Fig.  5.  (Magnification  X400.) 

Fig.  7. — Section  of  bone  matrix  demineralized  2  minutes  in  a  saturated  solution  of  ethyl¬ 
ene  diamine  tetraacetate  at  pH  7.4.  Stained,  photographed,  and  printed  as  in  Fig.  4.  Bone 
matrix  is  stained  as  in  Fig.  6.  (Magnification  X400. ) 


Fig.  8. — Section  of  undecalcified  bone  stained  with  0.03  per  cent  toluidln  blue  at  pH  7.2 
and  mounted  in  water.  Bone  matrix  is  unstained,  while  cartilage  cores  in  the  bone  spicule 
{below  center)  and  the  epiphyseal  cartilage  (top)  are  metachromatic.  (Magnification  X450.) 

Fig.  9. — Section  of  undecalcified  bone  matrix.  Stained  with  0.03  per  cent  toluidln  blue 
at  pH  4.5  and  dehydrated  in  alcohol.  Walls  of  osteocyte  lacunae  and  cartilage  cores  in  bone 
spicule  Heft)  are  metachromatic.  (Magnification  Xl.OOO.)  ' 

Fig.  10. — Section  of  undecalcified  bone  matrix  stained  with  0.5  per  cent  toluidln  blue 
at  pH  7.2  and  mounted  in  water.  Bone  matrix  is  red-purple  in  contrast  to  the  unstained 
matrix  of  Fig.  8.  ( Magmlfication  X450.) 

Fig.  11. — Section  of  bone  matrix  demineralised  10  minutes  in  0.01  N  nitric  acid.  Stained 
with  0.03  per  cent  toluidln  blue  and  mounted  in  water.  Bone  matrix  is  metachromatic  in  con¬ 
trast  to  unstained  matrix  In  Fig.  8.  (Magnification  X460.) 
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with  the  von  Kossa  method.  Sections  treated  with  the  Sequestrene  solution  in 
which  the  pH  had  been  adjusted  to  7.4  with  calcium  hydroxide,  showed  no 
change  in  staining  reactions. 


Table  I 

EKFE(TS  of  DE.M1NERAHZATION  IN  0.01  N  NiTRIC  AclD  ON  BONE  MATRIX  HISTOCHEMISTRY 


time  in 

ACID 

SILVER 

nitrate 

ALIZARIN 

PAS 

TOLIHDIN 

pH  4.5  1 

BI.I^E 

pH  7.2 

Not  immersed 

++++ 

++++ 

+ 

0* 

0 

15  sec. 

++++ 

+++(+) 

+ 

0 

Slight  Mt 

1  min. 

++ 

++  + 

+ 

0 

M 

5  min. 

+ 

0 

++(+) 

0 

M 

7  min. 

0 

0 

+++ 

0 

M 

10  min. 

0 

0 

+++ 

0 

M 

•O  =  Unstained  or  orthochroniatic. 
tM  =  Metachromasia. 


Table  II 

Effects  of  Chelation  by  yATCRATEit  Sequestrene  on  Bone  Matrix  Histochemistry 


TIME  IN 
SEQUESTRENE 

SILVER  NITRATE 

ALIZARIN 

PAS 

TOLUIDIN 

BLUE 

pH  7.2  AND 
4.5 

Not  immersed 

++++ 

++++ 

+ 

0» 

1-2  sec. 

+++ 

+++(+) 

+ 

0 

15  sec. 

+ 

+++ 

+ 

0 

30  sec. 

(  +  ) 

++(+) 

++ 

0 

1  min. 

0 

+  + 

++ 

0 

1%  min. 

0 

(  +  ) 

++(+) 

0 

2  min. 

0 

0 

-H-l- 

0 

5  min. 

0 

0 

++ 

0 

7  min. 

0 

0 

+ 

0 

11  hr. 

0 

0 

+ 

0 

•O  =  Unstained  or  orthochromatic. 


The  results  of  the  periodic  acid-Schiff  staining  of  sections  at  various  stages 
of  deminferalization  were  similar  for  both  acid-  and  Sequestrene-treated  sections. 
As  bone  approached  complete  demineralization,  the  intensity  of  matrix  stain¬ 
ing  increased  (Pigs.  5,  6,  7).  Treatment  beyond  the  time  necessary  for  com¬ 
plete  demineralization  resulted  in  staining  as  weak  as  in  untreated  bone  matrix. 
The  same  general  behavior  was  noted  in  cartilage  cores  within  spicules  of  bone. 
As  demineralization  proceeded,  it  became  difficult  to  differentiate  cartilage  from 
Imne  matrix  on  the  basis  of  differences  in  staining  intensity.  This  indicated 
that  the  intensity  of  bone  staining  increased  more  than  that  of  cartilage. 
Omission  of  periodic  acid  oxidation  resulted  in  sections  with  no  red  color. 
Pretreatment  with  diastase  did  not  change  the  staining  reactions  described. 

The  staining  reactions  with  toluidin  blue  disclosed  interesting  differences 
among  untreated  bone  and  Ixme  demineralized  by  acid  or  a  chelating  agent. 
Untreate<l  bone  was  always  unstaiiuHi  after  5  minutes  in  0.03  per  cent  toluidin 
blue  (Fig.  8).  Acid  demineralized  lione,  however,  was  metachromatic  if 
mounted  in  water  after  staining  for  5  minutes  in  0.03  per  cent  toluidin  blue 
at  pH  7.2  (Fig.  11),  but  not  if  stained  at  pH  4.5.  Cartilage  was  metaehromatic 
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at  either  pH.  Alcohol  dehydration  removed  the  metachromasia  of  acid-de¬ 
mineralized  bone.  Chelated  bone,  on  the  other  hand,  was  not  metachromatic 
when  stained  in  an  identical  manner. 

Collagenase  digestion  did  not  reduce  the  intensity  of  picrofuchsin  staining 
for  collagen  in  calcified  sections,  or  in  demineralized  sections  which  had  been 
fixed.  Fixation  for  as  short  a  time  as  30  minutes  in  absolute  ethanol  prevented 
the  action  of  collagenase.  The  results  in  Table  III  are  for  unfixed  sections  de¬ 
mineralized  in  Sequestrene  for  10  minutes  and  rinsed  10  minutes  in  distilled 
water  before  enzyme  digestion.  No  metachromasia  occurred,  and  periodic  acid- 
Sehiff  reactivity  was  lost  as  rapidly  as  picrofuchsin  staining.  Phase  contrast 
microscopy  revealed  no  bone  matrix  after  1  hour  of  incubation  in  collagenase 
solutions.  Control  sections  stored  in  37°  C.  buffer  showed  none  of  these  changes. 


.  Table  III 

Ekeects  or  Incubation  in  0.1  Per  Cent  Collagenase  on  Bone  Matrix  Histochemistry 


TIME  IN 

COLLAGENASE 

PAS 

PICROriTCHSIN 

TOLUIDIN 

BLUE 

2  min 

++++ 

0* 

5  min. 

++++ 

0 

10  min. 

+ 

++++ 

‘  0 

15  min. 

+ 

+++(+) 

0 

20  min. 

+++(+) 

0 

30  min. 

(+) 

+++ 

0 

1  hr. 

0 

(+) 

0 

1%  hr. 

0 

2  hr. 

0 

0 

•O  =  Unstained  or  orthochromatic. 


DISCUSSION 

Relatively  minor  changes  in  the  periodic  acid-Schiff  technique  produced 
rather  marked  differences  in  the  staining  intensity  of  bone  matrix.  If  the 
method  is  to  be  used  to  detect  polysaccharides  in  low  concentrations,  the  reduc¬ 
ing  rinse  must  be  omitted,  as  suggested  by  McManus**  and  Lillie,*®  and  the  time 
of  oxidation  in  periodic  acid  should  be  a  minimum  of  about  20  minutes.  The 
staining  time  in  Schiff’s  solution  was  not  critical  if  it  exceeded  5  minutes.  If 
the  technique  is  to  be  used  to  detect  changes  in  reactivity  in  ethanol-fixed  ma¬ 
terial,  the  oxidation  time  in  periodic  acid  should  be  reduced  to  about  3  minutes 
and  alcohol  rinses  used. 

The  red-purple  color  which  could  be  induced  in  calcified  bone  was  ex¬ 
tremely  labile.  It  occurred  only  with  relatively  concentrated  toluidin  blue 
solutions  which  had  nearly  the  color  of  the  bone.  The  red-purple  color  of  the 
bone  was  labile  in  alcohol  while  that  of  cartilage  was  not,. indicating  that  it  was 
not  due  to  the  presence  of  sulfate  groups.*®’  *^  The  fact  that  the  color  did  not 
occur  at  pH  4.5  also  indicates  that  sulfate  groups  may  not  have  been  responsible 
for  it,  since  sulfated  mucopolysaccharides  probably  do  not  lose  their  basophilia 
until  the  pH  of  the  staining  medium  is  lowered  to  4.** 

The  increased  periodic  acid-Schiff  reactivity  of  bone  matrix  after  demin¬ 
eralization  indicates  an  interaction  between  polysaccharides  and  bone  mineral. 
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Presumably,  if  the  mineral  were  interacting  with  the  sulfate  groups  of  muco¬ 
polysaccharides,  demineralization  of  bone  would  result  in  metachromatic  stain¬ 
ing  with  toluidin  blue.  That  metachromasia  does  not  occur  after  chelation  indi¬ 
cates  that  this  particular  interaction  is  not  prominent  in  bone  matrix,  that  the 
concentration  of  sulfated  mucopolysaccharides  is  not  adequate  to  induce  visible 
metachromasia  or  that  the  sulfate  intercharge  distance  is  too  great.^^  The  facts 
that  the  metachromasia  of  acid-demineralized  bone  did  not  occur  at  pH  4.5  and 
that  it  was  lost  during  ethanol  dehydration  indicates  that  it  was  not  due  to  the 
presence  of  sulfate  groups.  Perhaps  bone  metachromasia  is  induced  by  carboxyl 
groups. 

The  suspicion  that  unmasking  of  metachromasia-inducing  anionic  groups 
may  have  resulted  from  acid  degradation  of  collagen-anion  linkages  was  not 
confirmed  by  collagenase  digestion  of  bone  matrix.  However,  the  periodic  acid- 
Schiff  reactivity  was  lost  as  rapidly  as  collagen  staining.  Perhaps  the  poly¬ 
saccharides  which  might  have  exhibited  metachromasia  were  lost  before  they 
could  be  stained.  Another  possibility  is  that  the  collagenase  attacked  the  pro¬ 
tein  of  the  polysaccharide-protein  complexes,  solubilizing  the  polysaccharides. 
The  collagenase  preparation  used  is  known  to  contain  .small  amounts  of  pepti¬ 
dase  contaminant.^® 

The  inorganic  matter  of  bone,  then,  interacts  with  polysaccharides  in  a 
manner  which  may  not  involve  .sulfate  groups,  but  does  involve  periodic  acid 
oxidizable  groups.  Increased  periodic  acid-Schiff  reactivity  of  bone  matrix  dur¬ 
ing  re.sorption  and  after  demineralization  may  be  interpreted  as  indicating  an 
increased  physical  availability  of  the  oxidizable  units.  Calcium,  or  some  other 
moiety  removed  by  demineralization,  may  be  involved  in  cross-linking  polysac¬ 
charide  or  poly.saecharide  and  protein  molecules.  This  cross-linking  could  main¬ 
tain  an  intermolecular  distance  which  does  not  allow  penetration  of  the  mole¬ 
cules  of  the  periodic  acid  and/or  Schiff’s  solution  into  the  stainable  groups. 
Removal  of  the  cros.s-1  inking  moiety  would  allow  disaggregation  of  the  molecules 
in  the  nfatrix,  increasing  their  reactivity.®®’ 

Another  interpretation  of  increased  periodic  acid-Schiff  reactivity  is  that 
the  moiety  removed  by  demineralization  is  directly  linked  to  the  periodic  acid- 
oxidizable  groups.  If  one  of  the  hydroxyl  groups  of  the  pair  which  may  be 
oxidized  by  periodic  acid  is  replaced  by  a  tertiary  amine,  oxidation  will  not 
occur,  while  replacement  by  a  secondary  amine  allows  some  oxidation.®*  The 
moiety  removed  by  demineralization  may  be  linked  to  the  secondarj"  amino 
groups  of  mucopoly.saceharides,  perhaps  by  means  of  a  coordination  Imnd.  If 
this  moiety  is  calcium  and  it  is  linked  to  two  amino  groups,  it  would  be  extra- 
erj’^stalline,  organic-bound  mineral  since  intraerystalline  calcium  is  bonded  to 
anions  within  the  cr\"stals. 

The  alizarin-positive  granules  found  in  osteoclasts  may  allow  a  more  precise 
interpretation  of  the  increased  periodic  acid-Schiff  reactivity  of  the  adjacent 
bone  matrix.  The  chemical  specificity  of  alizarin  staining  is  subject  to  question, 
but  other  evidence  exists  indicating  accumulation  of  cations  in  osteoclasts  dur¬ 
ing  bone  resorption.  Arnold  and  Jee®®  described  the  accumulation  of  plutonium 
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in  osteoclasts  resorbing  labeled  bone,  and  Scott  and  Pease®*  described  electron- 
opaque  particles  in  osteoclasts  viewed  in  the  electron  microscope.  The  usual 
interpretation  of  electron-opacity  in  tissue  sections  is  that  it  is  due  to  relatively 
heavy  atom-containing  materials.  It  is  likely,  then,  that  the  alizarin-positive 
granules  in  osteoclasts  contain  relatively  heavy  cations,  probably  predominantly 
calcium. 

The  lack  of  any  change  in  alizarin  or  silver  nitrate  staining  of  bone  matrix 
adjacent  to  osteoclasts  must  also  be  interpreted  in  the  light  of  the  moderate 
sensitivity  and  specificity  of  the  methods  used.  It  is  at  least  reasonable  to  con¬ 
clude  that  this  matrix  contains  much,  if  not  all,  of  the  crystalline  mineral  found 
within  it  before  resorption  began. 

Perhaps,  then,  the  increased  periodic  acid-Schiff  reactivity  of  bone  matrix 
which  is  not  metachromatic  and/  shows  no  changes  in  mineral  reactivity  is  a 
result  of  the  removal  by  osteoclasts  of  extracrystalline  calcium  which  was  inter¬ 
acting  with  the  polysaccharides  of  bone  ground  substance.  The  removal  of 
calcium  by  osteoclasts  would  also  account  for  the  alizarin-reactive,  silver  nitrate¬ 
negative  granules  in  osteoclasts. 

SUMMARY  AND  CONCLUSIONS 

The  periodic  acid-Schiff  reactivity  of  calcified  bone  varies  with  certain 
common  modifications  of  the  technique.  The  same  is  true  for  toluidin  blue  stain¬ 
ing  of  bone  matrix.  No  red-purple  color  could  be  demonstrated  in  calcified  bone 
matrix  in  this  study  unless  concentrations  of  toluidin  blue  of  0.1  per  cent  or 
greater  were  used.  This  color  was  lost  during  alcohol  dehydration  and  did  not 
occur  at  pH  4.5,  indicating  that  it  was  not  due  to  the  presence  of  free  sulfate 
groups. 

Bone  matrix  adjacent  to  osteoclasts  was  more  periodic  acid-Schiff  reactive 
than  resting  bone,  but  its  toluidin  blue,  alizarin,  and  silver  nitrate  staining  was 
identical  with  resting  bone  matrix.  Osteoclasts  contained  alizarin-positive  gran¬ 
ules.  Increased  periodic  acid-Schiff  reactivity  of  bone  matrix  could  be  induced 
by  treatment  with  nitric  acid  or  a  chelating  agent,  but  only  acid-demineraliza¬ 
tion  induced  metachromasia  with  0.03  per  cent  toluidin  blue.  Collagenase  di¬ 
gestion  of  bone  matrix  induced  no  metachromasia,  and  periodic  acid-Schiff  re¬ 
activity  was  lost  at  about  the  same  rate  as  picrofuchsin  staining  for  collagen  in 
unfixed  sections. 

Considering  other  pertinent  data,  the  hypothesis  was  suggested  that  in  bone 
matrix,  extracrystalline  calcium  interacts  with  the  matrix  polysaccharides  in  a 
way  that  limits  the  periodic  acid-Schiff  reactivity  of  the  polysaccharides,  and 
that  one  of  the  initial  changes  during  bone  resorption  is  the  removal  of  this 
calcium  by  osteoclasts. 
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INVESTKJATIONS  INTO  THE  MINERALIZATION  PATTERN  OF 
HUMAN  DENTAL  ENAMEL 

J.  H.  ALLAN 

Oral  Pathology  Department,  University  of  Sheffield,  Sheffield,  England 
Part  I.  Polarized  Lioht  Studies 

The  pattern  of  mineral  accretion  in  dental  enamel  has  been  investigated. 

with  differing  results,  by  many  research  workers  during  the  past  50  years. 
The  principal  divergence  of  opinion  arose  with  the  publication  of  Diamoml 
and  Weinmann’s  monograph  “The  Enamel  of  Human  Teeth”  in  1940.^  Prior 
to  this  period  there  had  been  general  agreement  that  the  deposition  of  mineral 
matter  first  occurred  at  the  amelodentinal  junction  and  then  advanced,  pe¬ 
ripherally,  to  the  enamel  surface.^*' 

Diamond  and  WeinmaniP  suggested  that  enamel  had  a  two-phase  develop¬ 
ment  :  a  formative  phase,  in  which  the  complete  enamel  organic  matrix 
containing  all  the  mineral  matter  in  a  colloidal  form  was  deposited  (the  pat¬ 
tern  of  accumulation  of  this  .colloidal  calcium  was  not  stated) ;  and  a  matura¬ 
tion  or  calcification  phase,  which  was  a  crystallization  of  the  colloidal  calcium 
salts  already  present  in  the  matrix.  This  maturation  was  described  as  starting 
at  the  surface  of  the  euspal  enamel  and  proceeding  eervically  in  a  plane 
approximately  at  right  angles  to  the  striae  of  Retzius. 

Since  1940,  Diamond  and  Weinmann’s  theory  has  been  modified  so  that 
the  'maturation  phase  is  now  interpreted  as  an  influx  of  mineral  matter  not 
simply  a  crystallization — the  pattern  of  maturation  remaining  as  originally 
outlined.®'** 

Although  this  modified  theory  has  gained  wide  acceptance,  the  findings 
of  recent  research  workers  have  raised  doubts  concerning  its  validity.*®'®" 

The  present  investigations  were,  therefore,  undertaken  to  re-examine  the 
enamel  mineralization  pattern  by  correlating  the  findings  in  radiographic  and 
polarized  light  studies  on  ground  sections,  with  the  findings  in  routine  decalci¬ 
fied  sections  from  the  same  teeth. 


MATERIALS 

Fifty-two  deciduous  teeth  were  obtained  from  17  necropsies  selected  to 
cover  a  period  of  development  from  26  weeks  in  utero  (C.R.  length,*  20  cm.) 
to  78  weeks  postnatal.  These  teeth  were  studied  in  three  groups:  (A) 

Received  for  publication  March  24,  1959  ;  revised  by  author  Oct.  5,  1959. 

*Crown-rump  ien^h,  1.  e.,  the  distance  from  the  vertex  to  the  breech. 
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thirteen  deciduous  maxillary  central  incisors,  covering  a  period  of  develop¬ 
ment  from  26  weeks  in  utero  to  48  weeks  postnatal,  (B)  five  deciduous  maxil¬ 
lary  first  molars,  covering  a  period  of  development  from  2  to  78  weeks 
postnatal,  and  (C)  half  dentitions  composed  of  all  the  right  mandibular  and 
maxillary  deciduous  teeth  of  4  infants  whose  ages  ranged  from  2  to  48  weeks 
])ostnatal. 

METHODS 

The  developing  teeth  were  dissected  from  their  follicles  and  fixed  in 
10  per  cent  formol-saline  solution.  Each  tooth  was  then  cut  longitudinally 
lahiolingually  on  a  ground  section  cutting  machine,  and,  from  one  of  the  two 
portions  thus  obtained,  a  ground  section  was  prepared  by  the  following  tech¬ 
nic.  The  cut  surface  of  the  tooth  was  first  polished  with  ultramicroid  polish¬ 
ing  alumina  (approximate  grain  size,  5,000).  The  opposite  surface  of  the 
portion  was  then  ground  down  with  a  fine  carborundum  stone  until  a  section 
about  1  mm.  in  thickness  was  obtained.  This  section  was  attached  by  its 
])olished  surface  to  the  well  of  a  lapping  plate  section  grinder  and  ground 
down  with  metallurgical  emery  paper,  grade  3/0,  lubricated  with  thin  oil.  By 
this  method  it  was  possible  to  produce  even  sections  approximately  lOO/n  thick. 

Each  ground  section  was  then  examined  microscopically  in  transmitted 
light  between  crossed  Nicol  prisms  in  distilled  water  (n  =  1.335),  and  mixtures 
of  distilled  water  and  potassium  mercuric  iodide  (n  =  1.73)  whose  refractive 
indices  were  slowly  raised  from  1.335  to  1.73.  The  more  mature  postnatal 
specimens  were  also  examined  in  air  (n  =  1). 

The  preparation  of  routine  decalcified  sections  from  the  remaining  por¬ 
tion  of  each  tooth  will  be  described  in  a  later  part  of  this  paper  dealing  with 
this  aspect  of  the  investigation. 

re.si:lts 

A.  Deciduous  Maxillary  Central  Incisors 

The  mineralization  pattern  of  incisors  was  studied  in  these  specimens. 
The  developmental  period  examined  extended,  according  to  Schour  and  Mass- 
ler,*^  from  8  weeks  after  the  first  deposition  of  the  enamel  organic  matrix  to 
4  months  after  the  commencement  of  eruption. 

Fetuses  (CM.  Length — 20,  25,  and  30  cm.;  26,  28,  and  31  Weeks  In 
Utero). — 

In  distilled  water:  All  parts  of  the  enamel  showed  a  positive  birefringence 
(Fig.  1,  A).*  This  indicated  an  enamel  with  a  reduced  proportion  of  crystalline 
mineral  matter. 

In  potassium  mercuric  iodide:  When  the  refractive  index  of  the  immersion 
medium  was  raised,  the  following  changes  occurred  in  sequence : 

1.  An  inner  zone  of  enamel,  adjacent  to  the  amelodentinal  junction,  became 
negatively  birefringent  (Fig.  2,  A).  This  zone,  which  was  broader  in  the 

•In  the  present  paper  the  sign  of  birefringence  of  the  enamel  is  described  with  respect 
to  the  long  axis  of  the  prism.  ■  - 


1098 


ALLAN 


J.  D.  Res. 

Nov.— Dec..  1959 


incisal  area,  was  separated  from  the  outer  positive  enamel  (Fig.  2,  C)  by  a  thin 
isotropic  band  (Pig.  2,  B).  This  result  indicated  that  although  the  percentage 
of  crystalline  mineral  matter  in  the  enamel  as  a  whole  was  reduced,  the  highest 
degree  of  mineralization  was  present  at  the  amelodentinal  junction. 

2.  In  the  more  mature  antenatal  specimens  (28  and  31  weeks  in  utero),  the 
negatively  birefringent  amelodentinal  junction  area  extended  peripherally 
across  the  cervical  enamel  (Fig.  3,  E)  and  just  deep  to  the  enamel  surface 
(Fig.  3,  C).  These  extensions  produced  two  positively  birefringent  areas  of 
slightly  lower  mineral  content,  one  in  the  labial  enamel  the  other  in  the  lingual 
enamel  (Fig.  3,  B). 

3.  The  enamel  then  became  completely  negatively  birefringent  with  a  thin 
positive  surface  z(me  (Fig.  3, 

4.  Finally,  the  thin  positive  surface  zone  became  isotropic  and  then  posi¬ 
tively  birefringent  again.  This  behavior  showed  that  the  surface  layer  of  the 
enamel  possessed  no  intrinsic  negative  birefringence  in  these  specimens  indi¬ 
cating  the  absence  of  preferentially  orientated  crystalline  mineral  matter. 


A  -  • 

'  .*  ^ 


Pig.  1. — Fetus  (C.  R.  length — 25  cm.).  Ground  section  of  the  deciduous  maxillary  Srst 
incisor  in  distilled  water.  Polarized  light.  All  the  enamel  is  positively  birefringent  Positively 
birefringent  enamel  (A).  Amelodental  Junction  (B).  Positively  birefringent  dentine  (C). 
(Orig.  mag.  Xl5.) 

Infant,  34  Hours  Old. — 

In  distilled  water:  The  enamel  was  positively  birefringent  (Figs.  4,  A  and 
5,  A)  with  a  narrow  zone  of  negative  birefringence  in  the  incisal  part  of  the 
amelodentinal  junction  (Fig.  5,  B).  An  area  with  a  high  percentage  of  crys¬ 
talline  mineral  matter  thus  existed  in  the  incisal  portion  of  the  amelodentinal 
junction  enamel  and  extended  thence  for  a  short  distance  down  the  junction. 

In  potassiuih  mercuric  iodide:  As  the  refractive  index  of  the  immersion 
medium  rose  the  sequence  of  observed  changes  was  as  follows : 

1.  The  zone  of  negative  birefringence  along  the  amelodentinal  junction 
expanded  cervically  and  peripherally.  This  zone  which  was  broadest  in  its 
incisal  part  also  showed  increased  thickness  in  the  cervical  enamel. 

2.  The  enamel  became  negatively  birefringent  with  an  outer  positive  zone. 
With  further  raising  of  the  refractive  index  the  incisal  part  of  the  outer 
positive  enamel  exhibited  the  following  sequence  of  changes:  (1)  the  extreme 
.surface  enamel  became  negatively  birefringent  (Fig.  6,  A)  while  the  immedi¬ 
ately  underlying  enamel  remained  positive  or  isotropic  (Fig.  6,  B),  (2)  the 
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Pig.  2.  Fig.  3. 


Fig.  2. — ^Fetus  (C.  R.  length — 20  cm.).  Ground  section  of  the  deciduous  maxillary  first 
incisor  in  potassium  mercuric  iodide.  Polarised  light.  Shows  the  distribution  of  positive  and 
negative  birefringence  at  higher  refractive  index.  Negatively  birefringent  enamel  (X).  Iso¬ 
tropic  enamel  (B).  Positively  birefringent  enamel  (C).  Amelodentlnal  Junction  (fJ).  Dentine 
(F).  (Orlg.  mag.  X90. ) 

Fig.  3. — Fetus  (C.  R.  length — 30  cm.).  Ground  section  of  the  deciduous  maxillary  first 
incisor  in  potassium  mercuric  iodide.  Polarized  light.  High  power  of  the  lingual  enamel  show¬ 
ing  central  positively  birefringent  area.  Thin  outer  positively  birefringent  zone  (X).  Positive 
zone  in  center  of  lingual  enamel  (B).  Negatively  birefringent  enamel  in  outer  third  (C). 
Negative  amelodentlnal  Junction  area  (D',.  Broader  cervical  negative  zone  (B).  (Orlg.  mag. 
X50.) 


Pig.  4.  Fig.  5.  Fig.  6. 

Fig.  4. — Infant  (34  houre  old).  Ground  section  of  deciduous  maxillary  first  incisor  in  dis¬ 
tilled  water.  Polarized  light.  Shows  the  first  appearance  of  negatively  birefringent  enamel  in 
water.  Positively  birefringent  enamel  (X).  Site  of  first  appearance  of  negatively  birefringent 
enamel  (see  Fig.  5  for  detail)  (B).  (Orlg.  mag.  XI 5.) 

Fig.  5. — Same  section  as  Fig.  4  under  higher  power.  In  distilled  water.  Polarised  light. 
High  power  of  incisal  part  of  amelodentlnal  Junction  showing  negative  zone  of  birefringence. 
Positively  birefringent  enamel  (X).  Negative  amelodentlnal  Junction  area  (B).  Isotropic 
enamel  (C).  (Orlg.  mag.  X142.) 

Fig.  6. — Infant  (9  weeks  old).  Deciduous  maxillary  central  incisor  in  potassium  mecuric 
iodide.  Polarised  light.  High  power  of  labial  enamel  showing  thin  negative  surface  layer 
with  underlying  positive  zone.  Thin  outer  negative  zone  (X).  Underlying  positive  zone  (B). 
Negative  enamel  (C).  Amelodentlnal  Junction  (D).  Dentine  (£?).  (Orfg.  mag.  X45.) 
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whole  enamel  became  negatively  birefringent,  and  (3)  the  underlying  parts  of 
the  surface  enamel  became  isotropic,  the  extreme  surface  remaining  negative. 
These  changes  indicated  that  although  all  parts  of  the  outer  positive  zone  had 
a  reduced  mineral  content,  the  incisal  portion  had  a  more  highly  mineralized 
surface  zone.  Similar  behavior  of  the  surface  was  noted  in  all  the  postnatal 
specimens,  except  those  from  the  21-,  33-,  and  48-week-old  infants. 

Infants,  3  Days  Old,  2  Weeks  Postmature,  and  3  Weeks  Old. — 

In  distilled  water:  The  enamel  in  these  three  specimens  was  again  posi¬ 
tively  birefringent  (Figs.  7,  A  and  8,  A).  The  negatively  birefringent  incisal 


Flgr.  7.  Fig.  8.  Fig.  9. 

Pig.  7. — Infant  (3  days  old).  Ground  section  of  deciduous  maxillary  first  Incisor  in  dis¬ 
tilled  water.  Polarized  light.  Slight  peripheral  expansion  of  the  negatively  birefringent  Inclscal 
ameiodentinal  Junction  zone.  Positively  birefringent  enamel  ( A ) .  Negatively  birefringent 
enamel  (B).  Isotropic  enamel  (C).  (Orlg.  mag.  X15.) 

Fig.  8. — Infant  (2  weeks  postmature).  Ground  section  of  the  maxillary  first  incisor  in 
distilled  water.  Polarized  light.  There  is  an  increasing  area  of  negatively  birefringent  enamel 
especially  on  the  lingual  side.  Positively  birefringent  enamel  (A).  Negatively  birefringent 
enamel  (B).  Isotropic  enamel  (C).  (Orlg.  mag.  X15. ) 

Fig.  9. — Same  section  as  Fig.  8.  In  potassium  mercuric  iodide.  Polarized  light.  Showing 
distribution  of  positive  and  negative  birefringence  at  higher  refractive  index.  Negatively  bire¬ 
fringent  incisal  area  (A).  Isotropic  enamel  (B).  Negatively  birefringent  cervical  area  (O). 
Negative  ameiodentinal  junction  area  (D).  Positively  birefringent  enamel  (B).  (Orlg.  mag. 
X15.) 


ameiodentinal  junction  area  first  noted  in  water  in  the  section  from  the  34-hour- 
old  infant  had  increased  in  breadth,  so  that  it  now  extended  halfway  to  the 
enamel  surface  (Figs.  7,  B  and  S,  B).  This  zone,  which  was  broadest  and  ex¬ 
tended  most  cervically  in  the  lingual  enamel,  showed  a  gradual  increase  in  size 
with  advancing  maturity  in  the  present  three  sections.  The  highest  proportion 
of  crystallihe  mineral  matter  was,  therefore,  again  present  in  the  incisal  ameio¬ 
dentinal  junction  area,  particularly  on  its  lingual  side. 

9  ■  r 

In  potassium  mercuric  iodide:  The  sequence  of  changes  noted  on  raising 
the  refractive  index  of  the  immersion  medium  was  essentially  that  described 
in  the  34-hour-old  infant  (Fig.  9). 

Infants,  9  and  12  Weeks  Old. — 

In  distilled  water:  There  was  a  further  peripheral  and  cervical  extension 
of  the  negatively  birefringent  (Figs.  10,  A  and  11,  A)  and  isotropic  (Figs.  10,  B 
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and  11,  B)  areas,  at  the  expense  of  the  positive  zone  (Figs.  10,  C  and  11,  C). 
The  area  of  negative  birefringence  was  greatest  in  the  incisal  region,  particu¬ 
larly  on  the  lingual  side,  and  extended  down  the  amelodentinal  junction, 
slowly  reducing  in  breadth. 

In  potassium  mercuric  iodide:  On  raising  the  refractive  index  of  the 
immersion  fluid,  the  9-week-old  specimen  showed  a  basically  similar  distribu¬ 
tion  of  birefringence  to  that  noted  in  the  34-hour-old  infant.  The  12-week-old 
specimen,  however,  merely  showed  a  gradual  peripheral  and  cervical  expan¬ 
sion  of  the  negatively  birefringent  zone  already  present  in  water  (Fig.  12), 


Fir  10.  Flgr.  11.  Fig.  12. 

Fig:.  10. — Infant  (9  weeks  old).  Deciduous  maxillary  first  incisor  in  distilled  water. 
Polarised  lig:ht.  Shows  considerable  peripheral  and  cervical  expansion  of  the  incisal  zone  of 
negative  enamel.  Negratively  birefringent  enamel  (A).  Isotropic  enamel  (F).  Positively 
birefringent  enamel  (C).  Striae  of  Retzius  (D).  (Orig.  mag.  X15. ) 

Fig.  11. — Infant  (12  weeks  old).  Deciduous  maxillary  first  incisor  in  distilled  water. 
Polarised  light.  Continuing  peripheral  and  cervical  expansion  of  the  area  of  negatively  bire¬ 
fringent  enamel.  Negatively  birefringent  enamel  (A).  Isotropic  enamel  (B).  Outer  positive 
zone  ((7).  Broad  cervical  positive  area  (D).  Striae  of  Retzius  (£).  (Orig.  mag.  X15.) 

Fig.  12. — Same  section  as  Fig.  11.  In  potassium  mercuric  iodide.  Polarized  light  Shows 
peripheral  and  cei^'ical  expansion  of  the  negatively  birefringent  zone  at  higher  refractive  index. 
Negatively  birefringent  enamel  (A).  Isotropic  enamel  (B).  Outer  positive  zone  (C).  (Orig. 
mag.  Xl5.) 

until  the  whole  enamel  showed  negative  birefringence.  Thus,  in  this  latter 
section,  the  cervical  enamel  did  not  have  a  slightly  higher  degree  of  miner¬ 
alization  than  the  adjacent  incisally  situated  enamel. 

The  positive  surface  zone  again  showed  an  outer  region  which,  on  raising 
the  refractive  index  of  the  immersion  medium,  became  negatively  birefringent 
before  a  slightly  deeper  zone  (see  Fig.  6). 

Infants,  12,  21,  33,  and  48  Weeks  Old. — 

In  distilled  Water:  The  enamel  was  now  mainly  negatively  birefringent 
( Fig.  13,  A )  with  a  thin  outer  zone  of  positive  birefringence,  which  was  slightly 
broader  in  the  cervical  area  (Fig.  13,  D)  but  absent  incisally.  With  increasing 
maturity  this  positive  zone  retreated  peripherally  until,  in  the  48-week-old 
infant,  only  a  few  tiny  positive  or  isotropic  areas  were  seen  at  the  outer 
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surface  of  the  cervical  enamel.  The  appearances  of  these  sections  indicated 
a  high  proportion  of  mineral  matter  everywhere  except  in  the  thin  peripheral 
and  cervical  positive  zones. 

In  potassium  mercuric  iodide:  The  negative  zone  of  the  enamel  expanded 
peripherally  and  cervically  obliterating  the  small  positive  or  isotropic  zones 
noted  in  water. 

In  air:  The  positively  birefringent  surface  zones  seen  in  water  now  ex¬ 
panded  centrally  (Fig.  14,  C)  still,  however,  showing  a  gradual  increase  in 
thickness  cervically.  This  re.sult  indicated  a  distribution  of  mineral  matter 
similar  to  that  already  shown  by  the  same  sections  immersed  in  water. 


Fis.  13.  FIb.  14.  FIb.  15. 

FiB.  13. — Infant  (12  weeks  old).  Deciduous  maxillary  first  incisor  in  distilled  water. 
Polarlze<l  liBht.  Further  peripheral  and  cervical  expansion  of  the  nesative  enamel.  NeBatlvely 
birefringent  enamel  ( X ) .  Isotropic  enamel  (B).  Positive  outer  zone  ( C ) .  Broader  positively 
birefrinBent  cervical  zone  (D).  Striae  of  Retzius  (JB).  (Orlg.  mag.  Xlo.) 

Fig.  14. — Same  section  as  Fig.  13.  In  air.  Shows  reduction  in  area  of  negatively  bire¬ 
fringent  enamel.  Negatively  birefringent  enamel  (A).  Isotropic  enamel  (B).  Outer  positive 
zone  (C).  (Orlg.  mag.  Xl5.) 

Fig.  15. — Infant  (13  weeks  old).  Deciduous  maxillary  first  molar.  In  potassium  mercuric 
iodide.  Polarized  light.  Shows  variations  in  birefringence  along  the  striae  of  Retzius.  Negra- 
tlve  amelodentinal  Junction  area  ( A ) .  Broader  cervical  negative  zone  ( B ) .  Positive  enamel 
(C).  Isotropic  enamel  (D).  Negative  incremental  line  entering  the  isotropic  and  positive 
zones  (E).  Positive  incremental  line  penetrating  negative  zone  (F).  (Orlg.  mag.  X45.) 


In  all  the  postnatal  specimens,  the  striae  of  Retzius  present  in  the  cervical 
enamel  appeared  in  water  as  dark  absorbent  bands  showing  slight  variations  in 
the  strength  of  their  birefringence  (see  Figs.  10,  D  and  11,  E).  As  the  re¬ 
fractive  index  of  the  immersion  medium  gradually  rose  from  1.335  to  1.73, 
changes  in  both  the  sign  and  strength  of  birefringence  corresponding  with 
the  striae  were  observed  (Fig.  15).  The  appearance  of  the  striae  showed  that 
well-defined  variations  in  mineral  content  occurred  along  these  lines. 

li.  Deciduous  Maxillary  First  Molars 

The  mineralization  pattern  in  deciduous  molars  was  .studied  in  this  group 
of  specimens.  The  developmental  period  examined  extended,  according  to 
Schour  and  Massler,®*  from  18  weeks  after  the  initial  deposition  of  the  enamel 
organic  matrix  to  4  months  after  the  commencement  of  eruption.  The  basic 


Volume  38  MINERALIZATION  PATTERN  OF  HUMAN  DENTAL  ENAMEL.  I  1103 

Number  6 

mineralization  pattern  shown  in  the  molar  specimens  was  similar  to  that 
previously  seen  in  the  maxillary  central  incisors  and  will,  therefore,  not  be 
commented  on  further. 

The  following  minor  variations  within  this  basic  pattern  were,  however, 
obst'rved:  (1)  the  buccal  cusp  always  showed  a  more  advanced  stage  of 
mineralization  than  the  lingual  cusp  (Fig.  16,  A)  except  in  the  most  mature 
specimen  examined,  (2)  the  mineralization,  in  the  early  postnatal  specimens, 
was  most  advanced  at  the  highest  point  of  the  cuspal  amelodentinal  junction, 
and  not  its  lingual  side,  as  in  the  incisors,  and  (3)  the  variations  in  mineral 
concentration  along  the  striae  of  Retzius  were  particularly  well  marked  (Fig. 
16,  D). 


C 

A.  . 


KIr.  16. — Infant  (13  weeks  old).  Deciduous  maxillary  flrst  molar.  In  distilled  water. 
Polarized  light  Shows  positive  enamel  with  negative  zone  at  the  amelodentinal  Junction  of  the 
buccal  cusp.  Negative  zone  in  buccal  cusp  (A).  Positive  enamel  (ff).  Isotropic  enamel  (C). 
Variations  in  birefringence  along  striae  of  Retzius  (D).  (Orig.  mag.  Xl5.) 

C.  Half  Dentitions 

The  findings  in  these  specimens  confirmed  the  observations  previously 
made  on  the  maxillary  central  incisors  and  first  molars  concerning  the  pattern 
of  mineralization  in  individual  teeth.  In  addition,  information  was  obtained 
concerning  the  relative  advancement  of  the  mineralization  pattern  in  differ¬ 
ent  teeth  of  the  same  dentition.  As  the  earliest  teeth  studied  were  from  a 
2-week-old  infant,  no  observations  were  made  on  the  advancement  of  this 
pattern  in  the  antenatal  period. 

Sections  of  all  ten  teeth  from  the  2-week-old  infant  showed  a  very  similar 
reduced  mineralization,  which,  however,  was  a  little  higher  in  the  incisors.  In 
the  sections  from  the  13-,  21-,  and  48-week-old  infants,  the  following  order 
of  decreasing  mineral  concentration  was  established:  A,  B,  D,  C,  E.  This 
order  was  maintained  until  the  teeth  reached  their  mature  mineral  content. 
Little  difference  was  observed  between  the  maxillary  and  mandibular  teeth. 

DISCUSSION 

In  the  earliest  stages  of  enamel  development  observed  (26  weeks  in  utero, 
see  Fig.  2)  wdthin  the  enamel  of  reduced  crystalline  mineral  content,  the 
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greatest  amount  of  mineral  matter  was  found  in  a  band  bordering  the  amelo- 
dentinal  junction.  This  band  was  broadest  in  its  incisal  portion.  From  the 
amelodentinal  junction  area  the  amount  of  crystalline  mineral  matter  fell 
in  a  regular  manner,  roughly  parallel  to  the  striae  of  Retzius,  as  the  peripheral 
enamel  was  approached.  The  enamel  of  these  early  specimens,  therefore,  had 
a  polarized  light  appearance  in  close  agreement  with  “young  enamel”  de¬ 
scribed  by  von  Ebner^ — in  the  present  investigation,  however,  it  was  not 
brown  in  transmitted  ordinary  light.  The  appearances  and  behavior  in  media 
of  varying  refractive  index  of  these  early  sections  also  closely  followed  that 
of  two  of  the  zones  described  by  Hals.'®  The  amelodentinal  junction  area 
corresponding  with  his  mineralizing  enamel,  and  the  more  peripheral  isotropic 
zone  being  his  intermediate  enamel.  Hy  raising  the  refractive  index  of  the 
immersion  fluid,  however,  it  was  possible  to  make  the  outer  zone  of  the  posi¬ 
tive  enamel  in  the  present  sjtecimens  isotropic.  Hals’  outer  zone  had,  by  con¬ 
trast,  remained  positively  birefringent  in  all  media,  indicating  a  strong 
intrinsic  birefringence  in  this  area. 

The  differences  in  orientation  of  the  crystallites  and  the  intermiscellar 
spaces,  reported  by  Hals  in  his  three  zones,  were  not  observed  in  the  present 
specimens. 

In  the  slightly  more  mature  antenatal  specimens  (28  and  31  weeks  in 
utero),  there  appeared  areas  of  lower  mineral  content  in  the  labial  and  lin¬ 
gual  enamel.  These  resulted  from  an  increased  amount  of  mineral  matter 
being  present  in  the  cervical  zone,  and  just  beneath  the  enamel  surface. 
Similar  appearances  in  the  enamel  had  been  noted  by  Hals,'®  and  again  by 
Belanger"’  **  in  developing  rat  and  hamster  molars  studied  by  autoradi¬ 
ography  and  microincineration.  Belanger^*  also  noted  a  slight  increase  in 
mineral  deposition  in  the  cervical  part  of  the  enamel  of  many  molars.  This 
cervical  increase  in  mineralization,  although  not  commented  on  by  Apple- 
baum,  is  seen  in  the  radiographic  illustrations  to  his  1943  paper.®’ '® 

,  With  increasing  age,  in  the  antenatal  and  postnatal  period,  the  mineral 
content  of  the  inner  band  of  the  enamel  continued  to  rise,  this  process  ad¬ 
vancing  most  rapidly  in  the  lingual  part  of  the  incisal  amelodentinal  junction 
area.  At  the  time  of  birth,  the  mineral  deposition  was  such  that  the  incisal 
amelodentinal  junction  area  showed  a  very  thin  negatively  birefringent  zone 
even  in  a  low  refractive  index  medium  such  as  water  (see  hMg.  5,  34-hour-old 
infant).  The  appearances  at  this  age  agreed  closely  with  the  distribution  of 
mineral  matter  reported  by  Harders-Steinhauseri  studying  similar  teeth.  The 
more  advanced  mineralization  of  the  lingual  enamel  had  previously  been  re¬ 
ported  by  von  Ebner.^ 

In  the  neonatal  and  early  postnatal  specimens,  this  highly  mineralized 
inner  zone  gradually  expanded  along  the  amelodentinal  junction  toward  the 
cervical  margin,  and  peripherally  toward  the  enamel  surface.  As  it  expanded, 
this  zone  gradually  obliterated  the  centrally  situated  less  mineralized  areas. 

At  the  neonatal  period,  it  was  also  possible  for  the  first  time  to  show, 
by  slightly  varying  the  refractive  index  of  the  immersion  medium,  that  in 
many  sections  the  outer  zone  of  the  enamel  was  composed  of  two  areas,  a 
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better  mineralized  surface  zone  and  an  underlying  less  mineralized  area. 
This  surface  zone  was  shown  microradiographically  to  be  present  in  dog  and 
human  enamel  by  Engfeldt  and  his  co-workers.*^*  In  the  present  investiga¬ 
tion  this  appearance  in  polarized  light  was  most  marked  between  birth  and 
3  months  postnatal  (see  Fig.  6,  9-week-old  infant).  After  the  latter  period, 
due  to  the  increasing  mineralization  of  the  inner  zone,  it  became  progressively 
more  difficult  to  differentiate  these  two  areas  of  the  outer  enamel. 

In  the  late  postnatal  specimens,  the  highly  mineralized  zone  continued 
to  advance  toward  the  enamel  surface  and  the  tooth  cervix,  leaving  only  a 
thin  surface  area,  broader  at  the  cervical  margin,  of  less  mineralized  enamel 
(for  instance,  in  Fig.  13).  Penally,  in  the  immediate  pre-eruption  specimens, 
only  small  peripheral  areas  of  low  mineral  content  were  noted  in  the  cervical 
enamel.  The  orientation  of  the  advancing  front  of  this  well-mineralized  zone 
gradually  altered  from  being  roughly  parallel  to  the  striae  of  Retzius  in  the 
antenatal  specimens  to  being  almost  parallel  to  the  enamel  surface  in  the 
late  postnatal  specimens. 

The  peripherally  and  cervically  expanding  pattern  of  mineralization 
shown  by  polarized  light  in  the  present  investigation  agrees  very  closely  with 
that  shown  by  von  Ebner  in  1906.*  This  basic  pattern  was  also  shown  over 
a  more  limited  age  range  by  Harders-Steinhauser.' 

In  the  youngest  deciduous  maxillary  central  incisor  examined  (26  weeks 
in  utero),  the  enamel  showed  a  negative  intrinsic  birefringence  in  high  refrac¬ 
tive  index  media  (n  =  1.62),  indicating  that  the  mineral  matter  was  present 
from  an  early  age  in  a  crystalline  form.  This  finding  is  in  agreement  with 
the  observations  of  von  Ebner,*  Harders-Steinhauser,^  and  Hals,'*  and  in 
conflict  with  the  theory  first  advanced  by  Diamond  and  Weinmann'  that  the 
mineral  matter  is  present  in  a  colloidal  form  until  the  maturation  stage. 

At  no  time  during  the  whole  process  of  mineralization,  as  observed  by 
polarized  light,  was  there  any  evidence  of  an  influx  of  mineral  matter  starting 
at  the  incisal  edge  and  proceeding  cervically  at  light  angles  to  the  striae  of 
Retzius,  as  is  suggested  in  the  modified  Diamond  and  Weinmann  theory,  sup¬ 
ported  by  Weinmann  and  associates,*  Applebaum,'*  Shapiro  and  eo-work- 
ers,"’  '*  and  Marsland.'**  " 

Sharp  variations  in  the  degree  of  mineralization,  which  exactly  followed 
the  striae  of  Retzius,  were  present  in  the  enamel  organic  matrix  formed  in 
the  neonatal  and  postnatal  periods  (for  instance,  see  Fig.  15).  This  corre¬ 
spondence  of  the  variations  in  mineralization  with  the  incremental  pattern 
of  the  organic  matrix  strongly  suggests  that  the  fundamental  cause  of  these 
variations  lies  in  differences  in  the  composition  of  the  organic  matrix,  and  the 
effect  of  these  differences  on  its  ability  to  accept  mineral  matter. 

The  possibility  that  these  variations  in  the  strength  of  birefringence 
along  the  neonatal  and  postnatal  striae  of  Retzius  were  related  to  alterations 
in  prism  direction,  and  crystallite  orientation  was  investigated.  The  results 
obtained  showed  that  the  slight  variations  noted  in  prism  direction  and  crys¬ 
tallite  orientation  were  insufficient  to  account  for  the  appearances. 
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Considering  the  results  obtained  with  the  maxillary  and  mandibular 
teeth  in  the  half  dentitions,  it  is  interesting  to  note  that  the  sequence  of  de¬ 
creasing  mineral  concentration  corresponds  with  the  eruiition  sequence  given 
by  Logan  and  Kronfeld.®^  It  is  also  seen  to  be  related,  at  least  in  its  postnatal 
stages,  to  the  degree  of  morphological  development  of  the  tooth  as  was  first 
shown  by  Harders-Steinhauser.^  This  relationship  to  morphology  could  not 
be  so  clearly  shown  in  the  earlier  neonatal  period. 

SUMMARY 

.  1.  The  present  polarized  light  studies  show  that  the  mineralization  of 
human  enamel  is  a  continuous  process  which  occurs  as  follows:  (a)  The 
primary  deposition  of  mineral  matter  starts  shortly  after  the  formation  of 
the  enamel  organic  matrix.  This  deposition,  which  is  greatest  in  the  earliest 
formed  matrix  at  the  cuspal  portion  of  the  amelodentinal  junction,  decreases 
in  concentration  in  a  regular  manner  as  the  enamel  surface  is  approached. 
Xeonatally  and  postnatally  formed  enamel  matrix  may  at  this  stage  show 
sharp  variations  in  mineral  content  parallel  to  the  striae  of  Retzius.  (b) 
The  primary  deposition  then  advances  cervically  along  the  amelodentinal 
junction  and  peripherally  toward  the  enamel  surface,  (c)  Secondary  areas 
of  slightly  increased  mineralization  then  appear  in  the  outer  third,  cervical, 
and  surface  enamel,  (d)  The  primary  deposition  continues  to  expand  cervi- 
eally  and  peripherally,  at  first  roughly  parallel  to  the  striae  of  Retzius  and 
finally  almost  parallel  to  the  enamel  surface,  gradually  obliterating  the  sec¬ 
ondary  areas  and  variations  along  the  striae. 

2.  Within  a  given  dentition,  the  order  of  decreasing  mineral  content 
during  development  is:  central  incisor,  lateral  incisor,  first  molar,  canine, 
and  second  molar. 

3.  Crystalline  mineral  matter  is  detectable  in  the  organic  enamel  matrix 
shortly  after  its  deposition. 

4.  At  no  time  during  the  whole  process  of  mineralization,  as  visualized  in 
polarized  light,  is  there  an  infiux  of  crystalline  mineral  matter  starting  at 
the  surface  of  the  incisal  edge  and  proceeding  cervically  at  right  angles  to 
the  striae  of  Retzius. 

The  author  wieheH  to  thank  Dr.  J.  .L  Hodson,  Senior  Lecturer  in  the  Department, 
for  advice  and  encouragement  during  the  inventigation;  Mr.  M.  Rudland  and  Mr.  A. 
Murdoch,  also  of  the  department,  for  technical  aHHietance;  and  Dr.  J.  L.  Emery,  Patholo¬ 
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PART  II 

X-RAY  Absorption  Studies 

IN  Part  I  of  this  paper,  findings  were  presented  on  the  mineralization  pattern 
of  developing  human  enamel  as  shown  by  the  polarized  light  examination 
of  ground  sections.  The  present  paper  describes  the  findings  in  x-ray  absorp¬ 
tion  studies  carried  out  on  the  same  sections,  and  compares  these  latter  re¬ 
sults  with  the  findings  in  polarized  light. 

METHODS 

Each  ground  section,  prepared  as  described  in  Part  I,  was  mounted  on  a 
thin  sheet  of  cellophane  and  held  in  close  contact  with  the  plate*  during  the 
x-ray  exposure.  An  x-ray  machine,!  with  copper  target  and  nickel  filter, 
operated  at  30  kv.,  25  Ma.,  and  a  target-to-film  distance  of  20  cm.,  was  used 
to  generate  the  x-rays. 

The  exposed  plates  were  developed^:  at  68°  F.  for  a  period  of  3i/^  minutes, 
placed  in  an  acetic  acid  stop  bath  for  30  seconds,  and  finally  fixed  for  a  period 
of  5  minutes  in  a  solution  of  Kodak  acid-fixing  salt  with  hardener. 

As  in  the  polarized  light  studies,  the  sections  were  examined  in  three 
groups:  (A)  thirteen  deciduous  maxillary  central  incisors,  (B)  five  deciduous 
maxillary  first  molars,  and  (C)  four  deciduous  half  dentitions.  The  examina¬ 
tion  of  the  specimens  in  each  group  was  carried  out  in  two  stages. 

First,  all  were  mounted  together  and  radiographed  on  the  one  photo¬ 
graphic  plate  (“group  exposure”  technic).  These  radiographs  can  therefore 
be  compared  and  give  an  indication  of  the  relative  degree  of  x-ray  absorption 
of  the  different  teeth  within  the  group.  Second,  each  section  was  radio¬ 
graphed  separately  at  a  number  of  different  time  exposures.  This  “individual 
exposure”  technic  gave  a  more  detailed  picture  of  the  x-ray  absorption  varia¬ 
tions  occurring  within  a  section. 

The  variations  in  the  degree  of  x-ray  absorption  in  the  radiographs  pro¬ 
duced  were  assessed  by  visual  microscopic  examination  in  transmitted  light. 

RESULTS 

A.  Deciduous  Maxillary  Central  Incisors 
The  mineralization  pattern  in  incisors  as  shown  by  x-ray  absorption  was 
studied  in  these  specimens.  As  the  same  sections  were  also  used  in  the 
polarized  light  studies  (Part  I),  a  close  correlation  between  the  findings  by 
the  two  technics  was  possible. 

The  basic  mineralization  pattern  revealed  by  the  “group  exposure”  tech¬ 
nic  may  be  seen  by  examining,  in  succession.  Figs.  17  through  23.  These 

•Kodak  M.R. 

tMetro-Vickers  "Raymax." 

(Kodak  formula,  D178.  , 
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radiographs  showed  that  the  highest  absorption  in  the  earliest  specimens  was 
present  in  the  organic  matrix  at  the  incisal  portion  of  the  amelodentinal  junc¬ 
tion.  With  advancing  age  this  zone  became  steadily  more  absorbent  and 
gradually  extended  in  a  peripheral  and  cervical  direction  until,  in  the  oldest 
specimens,  the  whole  enamel  presented  a  fairly  uniform  absorption.  This 
result  is  in  close  agreement  with  the  polarized  light  findings  on  the  correlation 
between  age  and  enamel  mineralization,  established  in  the  same  sections. 

The  detailed  results  obtained  with  the  “individual”  and  “group”  ex¬ 
posures  were  as  follows. 


Fig.  17.  Fig.  18.  Fig.  19. 


Fig.  17. — Fetus  (C.  R.  length — 25  cm.;  28  weeks  In  utero).  Radiograph  of  deciduous 
maxillary  first  Incisor  ground  section.  “Group  exposure.”  Area  of  high  mineral  content  along 
the  amelodentinal  Junction,  broadest  In  the  incisal  part.  High  absorption  at  the  amelodentinal 
Junction  (A).  Low  absorption  in  the  dentine  (B).  For  higher  power  of  mineral  distribution 
*n  the  whole  enamel  see  Fig.  25.  Compare  with  Fig.  1  (Polarized  Light  Studies).  (Orig.  mag. 
X15.) 

Fig.  18. — Infant  (34  hours  old).  Radiograph  ot  deciduous  maxillary  first  incisor  ground 
section.  "Group  exposure.”  Beginning  peripheral  expansion  of  highly  mineralized  incisal  zone. 
Broadest  area  of  highest  absorption  on  the  lingual  side  of  the  incisal  amelodentinal  Junction 
(A).  Area  of  high  absorption  extending  cervlcally  down  the  amelodentinai  Junction  (B).  For 
mineral  distribution  throughout  the  whole  enamel,  see  Fig.  26.  Compare  with  Figs.  4  and  5 
(Polarized  Light  Studies).  (Grig.  mag.  Xl5.) 

Pig.  19. — Infant  (3  days  old).  Radiograph  of  deciduous  maxillaiy  first  incisor  nound 
section.  “Group  exposure."  Peripheral  and  cervical  expansion  of  highly  mineralised  lingual 
incisal  zone.  Area  of  highest  absorption  on  the  lingual  side  of  the  incisal  amelodentinal  Junc¬ 
tion  (A).  For  mineral  distribution  throughout  the  whole  enamel  see  Pig.  27.  Compare  with 

7  (Polarized  Light  Studies).  (Grig.  mag.  Xl5. ) 


Fetus  (C.  R.  Length — 20  cm.;  26  Weeks  In  Utero). — 

The  area  of  highest  absorption  was  at  the  amelodentinal  junction  (Fig. 
24,  vl)  this  area  being  broader  in  the  incisal  part  of  the  enamel  and  gradually 
narrowing  toward  the  cervical  region.  There  was  a  gradual  deerease  in  ab¬ 
sorption  as  the  superficial  layers  of  the  enamel  were  approached  (Pig.  24,  B), 
this  decrease  being  roughly  parallel  to  the  striae  of  Retzius. 

Fetuses  (C.  R.  Length — 25  and  30  cm.;  28  and.  31  Weeks  In  Utero). — 

The  absorption  was  again  highest  along  the  amelodentinal  junction  (see 
Fig.  17,  .4)  and  decreased  toward  the  enamel  surface.  The  high  absorption 
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Fig.  20. 


Fig.  21. 


yig.  20. — Infant  (2  weeks  postmature).  Radiograph  of  deciduous  maxiilary  first  incisor 
ground  section.  “Group  exposure.”  Further  peripheral  and  cervical  extension  of  weil-minerai- 
ized  incisal  sone,  most  advanced  in  the  iinguai  enamei.  Zone  of  highest  absorption  extending 
most  cervicaily  in  the  lingual  enamel  (A).  For  mineral  distribution  throughout  the  whole 
enamel  see  Fig.  28.  Compare  with  Figs.  8  and  9  (Polarized  Liight  Studies).  (Orig.  mag.  Xl5.) 

Mg.  21. — Infant  (9  weeks  old).  Radiograph  of  deciduous  maxillary  first  incisor  ground 
section.  "Group  exposure.”  Area  of  high  mineralization  now  extends  well  into  the  cervical 
enamel.  Incisal  area  of  high  absorption  extending  well  down  the  labial  and  lingual  enamel 
(A).  Thin  outer  zone  of  increased  absorption  in  the  labial  enamel  (B)  (for  high  power  see 
Fig.  29).  Liesser  mineralized  cervical  enamel  (C).  Compare  with  Fig.  10  (Polarized  Light 
Studies).  (Orig.  mag.  XI 5.) 


Fig.  22. 


Fig.  23. 


Fig.  22. — Infant  (12  weeks  old).  Radiograph  of  deciduous  maxillary  first  incisor  ground 
section.  “Group  exposure.”  Areas  of  lower  mineral  content  are  only  present  in  the  cervical 
and  extreme  peripheral  enamel.  Area  of  high  absorption  extending  well  into  the  cervical 
enamel  (A).  Low  absorption  in  the  peripheral  enamel  (B).  Clompare  with  Figs.  11  and  12 
(Polarized  Light  Studies).  (Orig.  mag.  Xl5.) 

Fig.  23. — Infant  (12  weeks  old).  Radiograph  of  deciduous  maxillary  first  incisor  ground 
section.  “Group  exposure."  Only  the  peripheral  parts  of  the  cervical  enamel  do  not  show 
high  mineralization.  Area  of  high  absorption  (A).  Variations  in  absorption  along  the  neo¬ 
natal  and  postnatal  striae  of  Retzius  (B).  Reduced  absorption  in  the  cervical  enamel  (C). 
Compare  with  Figs.  13  and  14  (Polarized  Light  Studies).  (Orig.  mag.  Xl6.) 


The  peripheral  parts  of  the  cervical  enamel  showed  slightly  increased  absorp¬ 
tion  when  compared  with  the  more  incisallv  situated  peripheral  enamel  (Fig. 
25.  C). 

Infant  (34  Hours  Old). — 

The  highest  x-ray  absorption  was  present  in  the  incisal  amelodentinal  junc¬ 
tion  area,  particularly  on  the  lingual  side  (Figs.  18,  A  and  26,  A).  Extending 
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eervically  down  the  amelodentinal  junction  (Fig.  18,  B),  this  zone  gradually 
decreased  in  breadth,  the  decrease  occurring  more  rapidly  in  the  labial  enamel. 
From  these  areas  the  absorption  decreased  toward  the  enamel  surface  and 
cervical  margins,  culminating  in  an  outer  zone  of  very  low  absorption  which, 
in  places,  was  covered  by  a  very  thin  surface  line  of  increased  absorption 
(Fig.  26,  J5). 

Within  the  low  absorption  zones  of  the  labial  and  lingual  enamel,  central 
areas  showing  further  slight  decreases  in  x-ray  absorption  were  noted  (Fig. 
26,  C)  extending  toward  the  surface. 

Near  the  cervical  margin  the  x-ray  absorption  tended  to  increase  slightly 
(Fig.  26,  D). 


Fig.  26. — Same  section  as  Fig.  18.  Radiograph  showing  variations  In  mineral  concentra¬ 
tion  throughout  the  whole  enam^.  “Individual  exposure.”  Area  of  high  x-ray  absorption 
on  the  lingual  side  of  the  incisal  amelodentinal  Junction  (A).  Thin  surface  zone  of  increased 
absorption  (B).  Areas  of  lowest  absorption  in  the  center  of  the  labial  and  lingual  enamel 
(C).  Slightly  increased  absorption  in  the  cervical  area  (/J).  Lower  absorption  In  the  dentine 
(£?).  (Orig.  mag.  X15.) 


Infants  (3  Days,  2  Weeks  Postmature,  and  3  Weeks  Old). — 

An  increased  area  of  high  x-ray  absorption  was  noted  extending  from  the 
incisal  region  down  the  amelodentinal  junction  of  the  labial  and  lingual  enamel 
(Figs.  19,  A  and  20,  A).  Once  again  this  area  of  highest  absorption  extended 
most  eervdcally  in  the  lingual  enamel.  In  the  cervical  region,  sharply  defined 
neonatal  and  postnatal  incremental  lines  of  varying  x-ray  absorption  were 
noted  in  the  3-week-old  specimen. 

As  in  the  earlier  specimens,  the  peripheral  portions  of  the  cervical  enamel 
showed  a  slightly  increased  absorption  (Figs.  27,  C  and  28,  D)  when  compared 
with  the  more  incisally  situated  peripheral  enamel.  This  slight  increase  pro¬ 
duced  a  central  zone  of  very  low  x-ray  absorption  in  the  labial  and  lingual 
enamel  (Figs.  27,  B  and  28,  C). 

In  some  places  the  extreme  outer  region  of  the  enamel  showed  a  thin  zone 
of  increased  x-ray  absorption  (Fig.  28,  B). 
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Infant  (9  Weeks  Old). — 

The  incisal  area  of  high  x-ray  absorption  (see  Pig.  21,  A)  showed  a  further 
peripheral  and  cervical  expansion.  In  the  extreme  cer\’ieal  region,  a  very  slight 
increase  in  mineralization  was  noted.  The  neonatal  and  postnatal  enamel 
showed  well-marked  variations  in  absorption  which  corresponded  with  incre¬ 
mental  lines.  A  thin  outer  zone  of  better  mineralization  (Fig.  29,  A),  with  an 
underlying  le&s  mineralized  area  (Fig.  29,  B),  was  well  marked  in  parts  of  this 
specimen. 

Infants  (Tivo  12  Weeks  Old). — 

All  the  main  features  already  described  in  the  9-week-old  specimen  were 
again  seen.  The  area  of  high  x-ray  absorption  (see  Figs.  22,  A  and  23,  A) 
had,  however,  further  increased  in  size,  particularly  in  the  lingual  enamel. 


Flgr.  27.  PlR.  28. 

Flsr.  27. — Same  section  as  Fig.  19.  Radiograph  showing  distribution  of  mineral  matter 
throughout  all  the  enamel.  “Individual  exposure."  High  absorption  on  the  lingual  side  of 

the  incisal  region  (A).  Area  of  lower  absorption  in  the  center  of  the  labial  enamel  (B). 

Slightly  increased  absorption  in  the  cervical  area  (C).  Dentine  (D).  Artifact  crack  (B). 
(Orig.  mag.  Xl5. ) 

Fig.  28. — Same  section  as  Fig.  20.  Radiograph  showing  mineral  distribution  throughout 
all  the  enamel.  "Individual  exposure."  Area  of  highest  absorption  on  the  lingtial  side  of 

the  incisal  area  (A).  Faint  outer  area  of  increased  absorption  (R).  Area  of  lower  absorp¬ 

tion  in  the  lingual  enamel  (C).  Slightly  increased  absorption  in  the  cervical  area  (D). 
(Orig.  mag.  Xl5.) 

The  neonatal  and  postnatal  enamel  showed  weP-’narked  variations  in  ab¬ 
sorption  which  followed  the  striae  of  Retzius  (see  Pig  J,  B). 

The  outer  portions  of  the  enamel  showed  a  decreasing  absorption  of  x-rays 
culminating  in  a  narrow  zone  of  increased  absorption  in  a  few  places. 

Infants  (21,  33,  and  48  Weeks  Old). — 

These  three  specimens  showed  a  fairly  uniform  high  x-ray  absorption  over 
almost  the  whole  of  the  enamel.  In  the  eervdcal  areas,  however,  there  was  a 
peripheral  zone  of  lower  absorption,  most  marked  in  the  less  mature  sections, 
which  increased  in  thickness  as  the  amelocemental  junction  was  approached. 
A  thin  surface  layer  of  increased  absorption  was  noted  in  the  cervical  area. 
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Lines  of  lower  x-ray  absorption  in  this  latter  area  corresponding  to  the 
neonatal  and  postnatal  striae  of  Retzius  were  also  observed. 

B.  Deciduous  Maxillary  First  Molars 

The  mineralization  pattern  in  deciduous  molars  as  shown  by  x-ray  ab¬ 
sorption  was  studied  in  this  group  of  specimens.  As  the  same  sections  had 
been  used  in  the  polarized  light  studies  (Part  1),  a  correlation  between  the 
findings  by  the  two  technics  was  again  possible. 


Kig.  29. — Same  section  as  Fig.  21.  Radiograph  of  deciduous  maxillary  flrst  Incisor.  “In¬ 
dividual  exposure.”  Higher  power  of  the  labial  enamel  showing  better  mineralized  surface 
iayer.  Thin  outer  zone  of  higher  absorption  (A).  Underlying  area  of  less  absorbent  enamel 
(B).  Highly  absorbent  enamel  along  the  amelodentinal  Junction  (C).  Low  absorption  in 
dentine  (D).  Compare  with  Fig.  6  (Polarized  Light  Studies).  (Orig.  mag.  X15.) 


Ground  sections  of  all  the  maxillary  first  deciduous  molars  were  first 
radiographed  together  on  the  one  photographic  plate.  These  group-exposed 
radiographs  showed  that  the  highest  absorption  in  the  earliest  section  was 
present  in  the  cuspal  portion  of  the  amelodentinal  junction  area.  With  in¬ 
creasing  enamel  maturity,  there  was  a  progressive  peripheral  and  eervical 
expansion  of  the  cuspal  amelodentinal  junction  area  of  high  x-ray  absorption, 
until  the  fairly  uniform  absorption  of  mature  enamel  was  everywhere  at¬ 
tained. 

The  same  molar  teeth  were  then  radiographed  separately  at  a  number  of 
different  time  exjjosures.  This  procedure  confirmed  the  basic  molar  min¬ 
eralization  pattern  established  in  the  group  exposures  and  gave  a  clear  pic¬ 
ture  of  the  lesser  mineral  variations  within  each  section. 

The  fundamental  mineralization  pattern  of  the  molar  teeth  thus  estab¬ 
lished  was  similar  in  essentials  to  that  already  noted  in  the  radiographs  of 
the  maxillary  central  incisors,  and  agreed  well  with  that  shown  in  the  polar¬ 
ized  light  examination  of  the  same  molar  sections.  Two  features  which  had 
already  been  noted  during  the  polarized  light  examination  of  the  molars  were 
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affaiii  observed  in  the  radiographs.  (1)  The  buccal  cusp  showed  a  higher 
degree  of  mineralization  (Fig.  30,  A)  in  all  except  the  most  mature  speci¬ 
mens,  in  which  cases  the  mineral  content  of  the  lingual  cusp  had  risen  to  equal 
that  of  the  buccal  cusp.  (2)  The  sharply  defined  variations  in  mineral  con¬ 
tent  which  followed  the  striae  of  Retzius  were  particularly  well  marked  in  the 
neonatally  and  postnatally  formed  enamel  (Fig.  31).  In  the  more  mature 
specimens,  the  peripheral  and  cervical  advance  of  the  areas  of  high  mineral 
content  tended  to  minimize  these  variations. 


Fljf.  30.  Fig.  31. 

Fig.  30. — Infant  (13  weeks  old).  Radiograph  of  deciduous  maxillary  first  molar  ground 
section.  "Individual  exposure."  Peripheral  and  cervical  expansion  of  better  mineralixed 
cuspal  amelodentinal  Junction  zones,  most  advanced  in  the  buccal  cusp.  Buccal  cusp  of  high 
absorption  (A).  Lingual  cusp  (B).  High-  absorption  at  the  amelo<lentinal  Junction  (C). 
Compare  with  Fig.  16  (Pr'arized  Li^t  Studies).  (Orig.  mag.  XlO.) 

Fig.  31. — Infant  (13  /eeks  old).  Radiograph  of  deciduous  maxillary  first  molar.  “In¬ 
dividual  exposure."  The  enamel  shows  marked  variations  in  absorption  along  the  neonatal 
and  postnatal  incremental  lines.  Area  of  high  absorption  along  the  amelodentinal  Junction 
(X).  Low  absorption  at  the  enamel  surface  (B).  Incremental  line  of  low  absorption  (C). 
Incremental  line  of  high  absorption  (D).  Compare  with  Fig.  15  (Polarised  Light  Studies). 
(Orig.  mag.  Xl5.) 

C.  Half  Dentitions 

In  this  group  of  specimens  the  mineralization  patterns  of  all  the  de¬ 
ciduous  teeth  from  the  right  mandibles  and  maxillae  of  4  infants  aged  2,  13, 
21,  and  48  weeks  postnatal,  respectively,  were  studied  by  x-ray  absorption. 
The  ten  sections  from  each  infant  were  radiographed  on  the  one  photographic 
plate — “group  exposure.”  As  the  same  sections  were  examined  in  the  polar¬ 
ized  light  studies  (Part  I),  a  close  correlation  between  the  findings  by  the 
two  methods  was  again  possible. 

The  mineralization  pattern  observed  in  all  the  present  sections  was  similar 
to  that  already  established  in  the  x-ray  absorption  and  polarized  light  studies 
on  the  maxillary  first  incisors  and  first  molars  and  will  thus  not  be  commented 
on  further. 

As  the  “group  exposure”  technic  was  used,  it  was  also  possible  in  the 
present  group  of  specimens  to  compare  the  degree  of  advancement  of  the 
mineralization  pattern  in  different  teeth  from  the  same  dentition.  The  results 
i)f  this  comparison  were  as  follows.  All  ten  teeth  of  the  2-week-old  infant 
had  a  reduced  mineral  content  which  increased  slightly  in  the  incisors. 
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Within  the  sections  from  the  13-  and  21-week-old  infants  the  following  order 
of  decreasing  mineral  content  was  established:  first  incisor,  second  incisor, 
first  molar,  canine,  second  molar.  By  48  weeks  of  age  the  enamel  of  the  cen¬ 
tral  and  lateral  incisors  had  reached  its  mature  mineral  density  and  the 
enamel  of  the  remaining  sections  had  the  order  of  decreasing  mineralization 
seen  at  13  and  21  weeks,  namely,  first  molar,  canine,  second  molar. 

These  results  on  the  distribution  of  the  enamel  mineral  matter  between 
the  teeth  of  a  dentition  are  in  good  agreement  with  the  polarized  light  find¬ 
ings  on  the  same  sections. 


DISCUSSION 

The  results  obtained  by  radiographing  the  twelve  maxillary  central  in¬ 
cisors  and  the  five  maxillary  first  molars  by  the  “group  exposure”  technic 
showed  a  general  pattern  of  rising  x-ray  absorption,  and  an  increase  in  the 


Fig’.  32. — Fetus  (C.  R.  length — SO  cm.).  Radiograph  of  deciduous  maxillary  first  incisor 
ground  section.  “Individual  exposure."  Ungual  enamel  sho'wing  central  zone  of  lowest  ab¬ 
sorption.  High  absorption  at  the  amelodentinai  Junction  (A).  Central  zone  of  lowest  absorp¬ 
tion  (J?).  Outer  zone  of  slightly  increased  absorption  (C).  Compare  with  Fig.  3  (Polarized 
Ught  Studies).  (Orig.  mag.  XlOO. ) 

extent  of  the  area  of  high  absorption,  with  increasing  age.  These  results 
agree  well  with  those  obtained  in  the  polarized  light  examination  of  the  same 
sections.  The  more  detailed  pattern  of  the  accumulation  of  mineral  matter 
in  individual  teeth  also  closely  parallels  that  previously  shown  by  polarized 
light  (Part  I). 

In  the  early  antenatal  stages  examined,  an  increase  in  mineral  matter 
was  noted  in  the  amelodentinai  junction  zone  (see  Pig.  17).  This  zone  was 
broadest  in  the  incisal  region,  particularly  on  its  lingual  side  in  incisors. 
Essentially  similar  radiographic  findings  have  been  reported  by  Clock  and 
his  co-workers^  in  developing  dog  enamel,  Engfeldt  and  his  associates*  also 
in  dog  enamel,  Crabb  and  Darling*  in  neonatal  human  enamel,  and  Engfeldt 
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and  Hammarlund-Essler^  in  deciduous  enamel  from  full-term  human  fetuses. 
Applebaum’s  early  studies  also  clearly  showed  this  basic  pattern  of  develop¬ 
ment.®’  *  The  findings  of  these  latter  studies  were,  however,  interpreted  by 
Diamond  and  Weinmann^  as  being  due  solely  to  a  photographic  artifact,  the 
Mackie  effect. 

The  inerease  in  breadth  of  the  cervical  portion  of  this  better  mineralized 
amelodentinal  junction  zone  noted  in  polarized  light  was  also  detected  in  the 
radiographs  of  the  early  specimens  in  the  present  study  (Fig.  25,  C).  This 
latter  appearanee,  although  not  commented  on,  is  visible  in  some  of  the  radio¬ 
graphs  in  Applebaum’s  1938  and  1943  papers.®-  *  Central  zones  of  enamel 
with  a  further  slight  reduction  in  mineral  content  were  faintly  visible  in  the 
radiographs  of  some  of  these  early  specimens  (Fig.  32). 

The  neonatal  and  early  postnatal  sp-'cimens  showed,  as  in  polarized  light, 
an  extreme  outer  zone  of  enamel  of  very  low  mineral  eontent,  eovered  in 
parts  by  a  thin  surfaee  zone  of  increased  mineralization,  as  seen,  for  instance, 
in  Fig.  29.  This  latter  feature,  previously  noted  radiographically  by  Eng- 
feldt  and  his  co-workers  in  1954  and  1956,*’  *  gradually  disappeared  in  the 
present  investigation  with  the  peripheral  and  cervical  extension  of  the  highly 
mineralized  amelodentinal  junction  zone,  and  was  no  longer  detectable  in  the 
most  mature  specimens.  In  the  postnatal  specimens  (Fig.  31)  sharp  variations 
in  mineral  content  were  found  within  the  neonatally  and  postnatally  formed 
enamel  organic  matrix.  These  variations,  which  exactly  corresponded  with 
the  variations  in  birefringence  previously  noted  along  the  striae  of  Retzius  in 
polarized  light  (Part  I),  were  shown  by  Applebaum**  in  developing  monkey  and 
human  enamel. 

The  striae  of  Retzius  variations  were  most  marked  in  the  early  postnatal 
specimens  and  tended  to  be  at  least  partially  obliterated  by  the  later  periph¬ 
eral  and  cervical  spread  of  the  area  of  high  mineralization.  Applebaum® 
made  similar  observations  on  developing  unerupted  monkey  and  human 
enamel. 

With  increasing  maturity,  the  postnatal  specimens  showed  a  gradual 
peripheral  and  cervical  expansion  of  the  incisal  amelodentinal  junction  area 
of  high  mineralization.  Finally,  in  the  oldest  specimen  the  more  uniform 
mineral  distribution  of  the  maturer  enamel  was  attained.  This  result  was  in 
complete  agreement  with  the  previously  reported  polarized  light  findings 
(Part  I).  In  the  least  mature  molar  sections,  this  basic  pattern  of  mineraliza¬ 
tion  was  most  advanced  in  the  buccal  cusp  (Fig.  30,  .1).  With  increasing  age 
the  mineral  content  of  the  lingual  cusp  gradually  rose  until  in  the  most  mature 
sections  it  equalled  that  of  the  buccal  cusp. 

No  influx  of  mineral  matter  starting  at  the  incisal  edge  or  cuspal  surface 
of  the  enamel  and  spreading  cervically  at  right  angles  to  the  striae  of  Retzius, 
as  suggested  in  the  vwidely  held  modified  Diamond  and  Weinmann  theory,  was 
noted  during  the  whole  process  of  mineralization. 


1118 


ALLAN 


J.  D.  Res. 
Nov.— iJec..  1959 


SUMMARY 

1.  The  enamel  mineralization  pattern  within  individual  teeth  and  within  a 
dentition,  shown  by  the  present  x-ray  absorption  studies,  closely  agreed  with 
that  already  described  in  the  polarized  light  studies  on  the  same  sections 
(Part  I). 

2.  Mineral  matter  was  detectable  radiographically  in  developing  enamel 
shortly  after  the  commencement  of  organic  matrix  deposition;  this  also  is  in 
agreement  with  the  findings  of  the  polarized  light  studies  (Part  I). 

3.  No  influx  of  mineral  matter  was  found  starting  at  the  surface  of  the 
incisal  edge  and  spreading  eervically  at  right  angles  to  the  striae  of  Retzius 
during  enamel  mineralization.  A  similar  observation  was  reported  in  the 
polarized  light  studies  (Part  I). 

The  author  wishes  to  thank  Dr.  J.  J.  Hodson,  8enior  Lecturer  in  the  Department,  for 
advice  and  encouragement  during  the  investigation;  Mr.  M.  Budland  and  Mr.  A.  Murdoch, 
also  of  the  Department,  for  technical  assistance;  and  Dr.  J.  L.  Emery,  Pathologist  of  the 
Children’s  Hospital,  Sheffield,  for  the  necropsy  material  on  which  the  investigation  is 
based. 
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pXrT  III 

Decalcified  Section  Studif^s 

THIS  is  the  third  in  a  series  of  papers  dealing  with  the  pattern  of  mineral¬ 
ization  of  human  dental  enamel.  The  two  earlier  papers  (Parts  I  and  II) 
presented  and  correlated  the  results  of  x-ray  absorption  and  polarized  light 
studies  on  ground  sections.  The  present  paper  describes  the  findings  in  routine 
decalcified  sections  prepared  from  the  portion  of  each  tooth  remaining  after  the 
preparation  of  the  ground  sections.  The  numbering  of  the  illustrations  in  the 
present  paper  is  conseeutive  with  that  in  the  two  earlier  papers  so  that  com¬ 
parisons  may  be  more  readily  effeeted. 

METHODS 

The  portion  of  each  tooth  remaining  after  the  preparation  of  the  ground 
section  was  dehydrated  in  ascending  grades  of  alcohol,  placed  in  ether  alcohol 
(equal  volumes  of  ether  and  absolute  alcohol)  and  then  in  a  2  per  cent  solution 
of  celloidin  in  ether  alcohol  for  24  hours.  Following  this  it  was  transferred,  with 
a  surrounding  film  of  celloidin,  to  chloroform.  Decalcification  was  carried  out 
using  a  fonnic  and  citric  acid  mixture  (12  per  cent  citric  acid,  29  per  cent 
formic ^cid,  and  59  per  cent  distilled  water).  During  decalcifictation  and  subse- 
(pient  treatment  the  specimen  was  not  disturbed,  changes  of  the  surrounding 
fluid  being  carried  out  by  displacement.  This  avoidance  of  movement  and  the 
protection  afforded  by  the  surrounding  layer  of  celloidin  ensured  that  the  maxi¬ 
mum  amount  of  enamel  organic  matrix  was  retained.  After  decalcification  was 
completed  the  specimen  was  dehydrated,  placed  in  25  per  cent  phenol  in 
benzene,  then  in  benzene,  and  finally  embedded  in  paraffin  wax.  Serial  sec¬ 
tions  were  cut  on  a  sledge  microtome  at  settings  of  8,  12,  and  15  microns  and 
stained  with  Ehrlich’s  hematoxylin  and  eosin  or  Mallory’s  aniline  blue  collagen 
stain. 

The  stained  sections  were  examined  microscopically  in  three  groups:  (A) 
thirteen  deciduous  maxillary  central  incisoi*s,  (B)  five  deciduous  maxillary 
first  molars,  and  (C)  four  deciduous  half  dentitions. 

RESULTS 

A.  Deciduous  Maxillary  Central  Incisors 

The  variations  with  age  in  the  staining  and  solubility  of  the  enamel  organic 
matrix  of  routine  decalcified  sections  were  investigated  in  these  specimens. 
Since  the  sections  were  prepared  from  the  remaining  halves  of  the  incisors  from 
which  ground  sections  had  been  examined  in  the  x-ray  alisorption  and  polarizeil 
light  studies  (Parts  I  and  II),  the  results  obtained  could  be  correlated  with  the 
mineralization  pattern  previously  observed.  It  was  thus  possible  for  the  first 
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time  to  test  Diamond  and  Weinmann’s  basic  assumption  that  the  loss  of  the 
enamel  matrix  in  routinely  prepared  decalcified  sections  accurately  reflects  the 
accretion  pattern  of  the  crystalline  mineral  matter  within  developing  enamel.^ 

Since  the  sections  stained  with  ^Mallory’s  aniline  blue  showed  a  precise 
differentiation  not  obscn^ed  in  those  stained  with  Ehrlich’s  hematoxylin  and 
eosin,  it  is  mainly  the  appearance  of  the  former  which  is  described  in  detail  in 
the  present  study. 

Fetus  (C.R.  Length — :20  cm.;  26  Weeks  In  Vtero). — 

The  whole  of  the  enamel  matrix  was  I’etained  intact  and  was  acidophilic 
(orange-pink).  The  prismatic  structure  of  this  matrix  could  only  be  seen  with 
difficulty  and  its  outer  surface  had  a  serrated  border,  due  to  the  loss  of  the 
amelobla.sts  and  the  immediately  underlying  enamel. 


'  Fig.  33.  Fig.  34. 

Fig.  33. — Fetus.  (C.K.  lengtli — 2i>  cm.).  Deciduous  maxillary  Hi-st  incisor.  Decalcified 
section.  Mallory’s  stain.  Intact  matrix  showing  inner  basophilic  and  outer  acidophilic  zones. 
Outer  acidophilic  zone  (A).  Inner  basophilic  zone  (B).  Compare  with  Figs.  1  and  17.  (Orlg. 
mag.  X15.) 

Fig.  34. — Infant  (34  hours  old).  Deciduous  maxillary  first  incisor.  Decalcified  section. 
Mallory’s  stain.  Intact  matrix  showing  inner  basophilic  and  weakly  acidophilic  zones.  Outer 
acidophilic  zone  (A).  Inner  basophilic  zone  (B).  Inner  weakly  acidophilic  zone  with  increas¬ 
ing  chromophobia,  incisally'  (C).  Compare  with  Figs.  4  and  18.  (Orig.  mag.  Xl5.) 


Fetuses  (C.K.  Length — 25  and  30  cm.;  28  and  31  Weeks  In  Vtero)  and 
Infant  (34  Hours  Old). — 

All  the  matrix  was  again  retained,  its  outer  boi-der  showing  the  sei’rated 
edge  noted  in  the  earlier  specimen.  The  matrix  was  in  the  main  acidophilic 
(orange-pink)  (Figs.  33,  A  and  34,  A)  with  a  basophilic  (blue)  zone  adjoining 
the  amelodentinal  junction  (Figs.  33,  B  and  34,  B).  This  basophilic  zone  was 
broadest  in  its  incisal  portion  and  gradually  reduced  in  thickness  in  a  cervical 
direction.  A  weakly  acidophilic  (pink)  zone  was  present  at  the  amelodentinal 
junction  on  the  lingual  side  of  the  incisal  enamel.  In  the  34-hour-old  specimen 
this  latter  zone  had  expanded  peripherally  and  cervically  and  showed  increasing 
chromophobia  at  the  incisal  part  of  the  amelodentinal  junction  (Fig.  34,  C). 
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In  each  of  these  three  specimens  the  prismatic  structure  of  the  enamel  was 
more  clearly  defined  in  the  inner  basophilic  and  weakly  acidophilic  zones  than 
in  the  outer  acidophilic  area. 

Infant  (3  Days  Old). — 

As  in  the  neonatal  and  antenatal  specimens,  all  the  enamel  organic  matrix 
was  retained,  the  outer  portion  staining  acidophilic  (orange-red)  (Fig.  35,  A) 
and  the  inner  portion  basophilic  (blue)  (Fig.  35,  B).  The  weakly  acidophilic 
inner  zone  and  the  inner  basophilic  zone  showed  further  peripheral  and  cervical 
expansion.  A  completely  chromophobic  zone  now  extended  through  the  whole 
thickness  of  the  enamel  matrix  on  the  lingiial  side  of  the  incisal  area  and 
showed  the  first  indications  of  matrix  loss  along  its  surface  (Fig.  35,  D).  In 
serial  sections,  the  emergence  of  this  chromophobic  zone  at  the  amelodentinal 
junction  (Fig.  37)  and  its  expansion  to  the  enamel  surface  were  obsened  (Fig. 
36).  The  boundaiy  between  the  chromophobic  zone  and  the  weakly  acidophilic 
zone  made  an  angle  of  al)out  45  degi*ees  with  the  amelodentinal  junction. 

Infants  (2  Weeks  Postmature  and  3  Weeks  Old). — 

The  organic  matrix  was  retaiiunl  intact  in  only  the  ceiwical  half  of  both  the 
labial  and  lingual  enamel.  The  area  of  retained  matrix  ended  in  an  irregular 
horizontal  edge  (Fig.  38,  E).  At  this  edge  the  matrix  was  chromophobic  (Fig. 

38,  D)  and  the  junction  between  this  chromophobic  zone  and  the  weakly  acido¬ 
philic  organic  matrix  again  made  an  angle  of  about  45  degrees  with  the  amelo¬ 
dentinal  junction.  Small  fragments  of  chromophobic  matrix  were  scattered 
about  the  more  incisal  parts  of  the  enamel.  The  retained  matrix  had  an  outer 
acidophilic  (orange-pink)  zone  with  serrated  edge  in  its  cenical  part  (Fig.  38, 
A).  Beneath  this  lay  a  basophilic  (blue)  zone  (Fig.  38,  B)  and  at  the  amelo¬ 
dentinal  junction  a  weakly  acidophilic  zone  (Fig.  36,  C).  The  boundaries  be¬ 
tween  the  thi'ee  zones  were  roughly  parallel  to  the  striae  of  Retzius. 

Variations  in  the  intensity  of  staining  of  the  matrix  along  the  neonatal 
and  ])08tnatal  striae  of  Retzius  were  noted  in  the  3-week-old  specimen. 

Infant  (9  Weeks  Old). — 

The  enamel  organic  enamel  matrix  was  retained  intact  in  only  the  cervical 
l)ortion  of  the  labial  and  lingual  enamel,  and  had  an  irregular  horizontal 
margin  (Fig.  39,  E).  At  this  margin  the  matrix  was  chromophobic  (Fig.  39, 
D)  and  the  junction  between  this  zone  and  the  inner  weakly  acidophilic  zone 
again  made  an  angle  of  45  degrees  with  the  amelodentinal  junction. 

The  retained  matrix,  as  in  the  less  mature  specimens,  showed  an  outer 
acidophilic  zone  (orange-pink)  (Fig.  39,  A),  an  inner  basophilic  (blue)  (Fig. 

39,  B)  and,  along  the  amelodentinal  junction,  a  weakly  acidophilic  zone.  The 
line  of  junction  between  all  three  zones  was  roughly  parallel  to  the  striae  of 
Retzius. 

Sharp  variations  in  staining  reaction  corrasponding  to  the  neonatal  and 
postnatal  striae  of  Retzius  were  again  noted.  Small  chromophobic  shattered 
fragments  of  matrix  were  all  that  remained  in  the  incisal  parts  of  the  enamel 
space. 
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Infant  (12  Weeks  Old). — 

A  tiny  fragment  of  intact  weakly  acidophilic  matrix  was  present  in  the 
cenical  part  of  the  lingual  enamel.  Elsewhere  only  ehromophobic  fragments 
were  noted.  The  small  intact  portion  of  matrix  had  a  prismatic  structure  and 
ended  abruptly  in  a  horizontal  edge. 


Kijf.  35. — Infant  <3  days  old).  Deciduous  maxillary  first  Incisor.  Decalcified  section. 
Mallory's  stain.  Chroinophobic  matrix  present  on  the  lingual  side  of  incisal  region.  Outer 
acidophilic  zone  (A).  Inner  basophilic  zone  (ff).  Inner  weakly  acidophilic  zone  (C).  Chromo¬ 
phobic  area  (/)).  Compare  with  Figs.  7  and  19.  (Orig.  mag.  Xl5.) 


Fig.  36.  Fig.  37. 

Fig.  36. — Infant  (3  days  oUl).  l>eciduuus  maxillary  first  incisor.  Decalcified  section. 
Khrlich's  hematoxylin  and  eosin.  Chroinophobic  matrix  present  on  the  lingual  side  of  the  Inci¬ 
sal  region  shows  early  matrix  loss  at  the  surface.  Chromophobic  matrix  (4).  Area  of  matrix 
loss  (H).  (Orig.  mag.  X62.) 

Fig.  37. — Merial  decalcified  section  of  the  same  specimen  as  Fig.  41.  Khrlich’s  heiiuitoxy- 
lln  and  eosin.  First  appearance  of  chromophobic  matrix  at  tlie  amelodentinal  Junction. 
Chromopiiobic  matrix  (4).  (Orig.  mag.  X62.) 


Volume  38  MINERALIZATION  PATTERN  OF  HUMAN  DENTAL  ENAMEL.  Ill 

Number  6 


Kii?.  38. — Infant  (2  weeks’  postmature).  Deciduous  maxillary  first  incisor.  Mallory’s 
stain.  Incisal  halves  of  the  labial  and  linKual  matrix  are  now  soluble.  Outer  acidophilic  xone 
(A).  Inner  basophilic  zone  (B).  Inner  weakly  acidophilic  zone  (C).  Chromophobic  area  (D). 
Irreifular  horizontal  edgre  of  retained  matrix  (£).  Compare  with  Fig's.  8  and  20.  (Orig.  mag. 
X15.) 


Fig.  39. — Infant  (9  weeks  old).  Deciduous  maxillary  drat  incisor.  Dei^alciAed  sec'tlon. 
Mallory’s  stain.  Only  the  cervical  portions  of  the  labial  and  lingual  matrix  are  still  Intact. 
Outer  acidophilic  zone  (A).  Inner  basophilic  zone  (fl).  Inner  acidophilic  zone  (Cl.  Chromo- 
phobic  area  (f>).  Irregular  horizontal  edge  of  retained  matrix  (£).  Conrpare  with  Figa  10 
and  21.  (Orlg,  mag.  xll>.) 
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Infants  (12,  21,  33,  and  48  Weeks  Old). — 

In  all  these  later  specimens  only  shattered  fragments  of  chromophobic 
matrix  were  retained  in  the  zones  formerly  occupied  by  the  enamel  (Fig.  40). 

B.  Deciduous  Maxillary  First  Molars 

In  these  specimens,  the  influence  of  age  on  tlie  staining  reaction  and  organic 
matrix  solubility,  in  routinely  prepared  decalcified  molar  sections,  was  de- 
tennined.  The  decalcified  sections  having  been  prepared  from  the  remaining 
portions  of  the  molare  used  in  the  x-ray  absoi-ption  and  pohirized  light  studies 
(Parts  I  and  II),  a  correlation  of  the  findings  by  the  three  methods  was 
possible. 


Fig'.  40. — Infant  (12  weeks  old).  Deciduous  maxillary  first  incisor.  Decalcified  section. 
Mallory's  stain.  No  organic  matrix  retained  intact.  Compare  with  Figs.  13  and  23.  (Orlg. 
mag.  X15.) 

The  sequence  and  general  distribution  of  the  staining  reactions  and  loss  of 
the  organic  matrix  observed  in  the  molar  series  exactly  followed  that  already 
found  in  the  incisors  and  thus  requires  no  detailed  description.  Two  features 
are,  however,  worthy  of  comment. 

1.  The  advancement  of  the  staining  changes  and  loss  of  matrix  was  greatest 
in  the  buccal  cusp  (Fig.  41).  It  is  interesting  to  note  that  the  x-ray  absorption 
and  polarized  light  studies  showed  the  greatest  advancement  of  mineralization 
in  the  buccal  cusps  of  the  same  teeth  (Compare  Figs.  16,  30,  and  41). 

2.  Variations  in  staining  reaction  along  the  striae  of  Retzius  were  par¬ 
ticularly  well  marked  (Fig.  42).  The  polarized  light  and  x-ray  absorption 
results  on  the  same  teeth  showed  sharp  variations  in  the  amount  of  mineral 
matter  present  along  these  lines  (Compare  Figs.  15,  31,  and  42).  The  decalci¬ 
fied  sections  therefore  suggested  that  the  mineral  variations  were  due,  at  least 
in  part,  to  the  quantity  and  quality  of  the  organic  matrix  deposited  during 
this  period. 
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C.  Half  Dentitions 

The  variations  in  •  the  staining?  and  loss  of  enamel  organic  matrix 
in  routine  decalcified  sections  prepared  from  teeth  of  the  same  dentition  were 
studied  in  this  group  of  specimens.  These  variations  were  then  correlated  with 


Pis.  41. — Infant  (13  weeks  old).  Deciduous  maxillary  first  molar.  Decalcified  section. 
Maliory's  stain.  Matrix  ioss  is  sreatest  in  the  buccal  cusp.  Outer  acidophilic  zone  (A).  Inner 
basophilic  zone  (B).  Inner  weakly  acidophilic  zone  (C).  Chromophobic  area  (D).  Irregular 
horizontal  edge  of  retained  matrix  (K).  Compare  with  Figs.  16  and  30.  (Orig.  mag.  XIO. ) 


Fig.  42. — Infant  (13  weeks  old).  Deciduous  maxillary  first  molar.  Decalcified  section. 
Ehrlich’s  hematoxylin  and  eosin.  The  matrix  shows  staining  variations  along  the  striae  of 
Retzius.  Compare  with  Figs.  15  and  31.  (Orig.  mag.  x45. ) 


the  polarized  light  and  x-ray  absorption  findings  (Pails  I  and  II)  on  ground 
sections  from  the  same  teeth. 

In  the  2  weeks’  postnatal  dentition  the  staining  changes  were  most  ad¬ 
vanced  in  the  incisors — the  conti-als  showing  chremophobia  and  matrix  loss 
throughout  the  incisal  enamel. 
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111  the  13-week-old  jiostnatnl  dentition,  peiiplieral  and  eei-vieal  advanee- 
inent  of  the  matrix  loss  and  stainiii};  changes,  already  descrilied  in  the  incisor 
series,  was  present  in  the  following  decreasing  order:  A,  B,  I),  C,  E — lieing  a 
little  greater  in  the  maxillary  teeth.  This  sequence,  which  is  also  that  of  de- 
ei*easing  mineral  content  established  in  the  x-ray  and  polarized  light  studies, 
was  maintained  in  the  more  mature  dentitions  until  all  matrix  was  lost. 

The  patterns  of  matrix  staining  and  matrix  loss  shown  by  individual  teeth 
within  this  group  were  those  already  described  in  the  incisor  and  molar  series. 

DISCUSSION 

The  enamel  organic  matrix  was  retained  intact  in  the  sections  from 
all  the  antenatal  and  neonatal  specimens.  At  26  weeks  in  utero,  this  matrix  had 
a  fairly  homogeneous  acidophilic  appearance  within  which  the  prismatic  struc¬ 
ture  w’as  only  faintly  visible. 

In  the  later  antenatal  and  neonatal  specimens  (28  and  31  weeks  in  utero 
and  34  hours  old.  Figs.  33  and  34),  a  basophilic  zone  with  an  underlying 
weakly  acidophilic  zone  developed  in  the  deeper  parts  of  the  enamel.  These 
inner  zones,  which  had  their  greatest  breadth  in  the  incisal  region,  appeared 
to  be  expanding  peripherally  and  cer\’ically,  roughly  parallel  to  the  striae  of 
Rctzius. 

The  earliest  postnatal  specimen  (3  days  old.  Fig.  35)  still  showed  complete 
matrix  retention  with  further  peripheral  and  cervical  expansion  of  the  inner 
basophilic  and  inner  weakly  acidophilic  zones.  Within  the  latter  a  chromophobic 
area  was  now  present  at  the  amelodentinal  junction  on  the  lingual  side  of  the 
incisal  enamel  (Fig.  37).  In  serial  sections  this  chromophobic  area  expanded 
peripherally  until  the  full  width  of  the  enamel  was  involved.  Organic  matrix 
loss  then  commenced  at  the  enamel  surface  (Fig.  36).  This  solubility  of  de¬ 
veloping  organic  enamel  matrix  in  decalcifying  fluids  was  first  rei)orted  by  Beust 
in  pig  molars.^ 

In  the  remaining  postnatal  specimens  (2  weeks  postmature  to  48  weeks  old. 
Figs.  38,  39,  and  40),  the  zone  of  ehromophobic  matrix  with  suceeeding  soluble 
enamel  extended  cenically  thraugh  the  labial  and  lingual  enamel  until  only 
seattei-ed  ehromophobic  fragments  of  matrix  remaine<l.  The  chromophobic  zone 
joined  the  inner  weakly  acidophilic  matrix  at  an  angle  of  about  45  degrees  to 
the  amelodentinal  junction  and  became  soluble  in  an  irregular  horizontal  edge. 

During  the  postnatal  period  of  ineraasing  enamel  solubility  the  intact 
cervical  portion  of  the  acidophilic  matrix  showeil  the  continuing  peripheral  and 
cervical  expansion  of  the  inner  weakly  acidophilic  and  basophilic  zones  present 
in  the  antenatal  and  neonatal  specimens.  Thrae  zones  appeared  to  be  advancing 
approximately  parallel  to  the  striae  of  Ketzius.  Maraland’s  finding,  in  rat 
enamel,  that  the  basophilic  zone  advanced  eerv'ically  at  right  angles  to  the  long 
axis  of  the  tooth*'  *  was  therefore  not  confirmed  in  human  enamel. 

The  present  obs(*rvations  on  the  sequence  of  changes  in  the  staining  ra- 
action  of  the  enamel  matrix  are  in  general  agreement  with  the  reactions  de¬ 
scribed  by  Chase*’  “  and  supported  by  a  number  of  subse((uent  investigatora.*’  * 
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Chase’s  suggestion  that  the  inner  basophilic  and  ehromophobic  zones  correspond 
with  von  Ebner’s  isotropic  or  weakly  negatively  birefringent  transitional  enamel 
was  not,  however,  supported — both  these  zones  in  fact  lay  in  the  positively 
birefringent  enamel  (section  immersed  in  water). 

The  bimd  similarity,  however,  between  the  direction  and  degree  of  advance¬ 
ment  of  the  staining  changes  and  the  mineralization  pattern  of  the  same  speci¬ 
mens,  as  shown  by  the  x-ray  and  polarized  light  studies,  is  clear.  Both  start 
at  the  incisal  part  of  the  amelodentinal  junction  and,  with  increasing  maturity, 
expand  peripherally  and  cervdcally  to  involve  the  whole  enamel.  Compare 
Figs.  1,  17,  and  33;  Figs.  4,  18,  and  34;  and  Figs.  7,  19,  and  35.  It  therefore 
seems  likely  that  a  relationship  exists  between  these  two  sets  of  phenomena, 
although  the  degree  of  accuracy  wdth  which  one  reflects  the  other  is  still  un¬ 
certain. 

Turaing  to  the  pattern  of  matinx  loss  show'll  by  the  present  investigation, 
solubility  first  appeared  at  the  lingual  surface  of  the  incisal  matrix  and  with 
increasing  age  expanded  through  the  enamel  at  right  angles  to  the  long  axis  of 
the  tooth.  This  pattem  closely  follows  that  first  described  by  Diamond  and 
Weinmann^  who  assumed  that  the  loss  exactly  corresponds  to  the  pattem  of 
mineral  crystallization.  The  modification  of  this  theory®*  states  that  this  same 
pattem  of  loss  reflects  a  final  massive  influx  of  mineral  matter.  Comparing  the 
pattem  of  matrix  loss  in  the  present  investigation  with  the  results  of  the  x-ray 
absorption  and  polainzed  light  studies  obtained  in  the  same  teeth  it  is  at  once 
obvious  that  neither  of  these  close  relationships  exists.  Compare  Figs.  8,  20,  and 
38;  Figs.  10,  21,  and  39;  and  Figs.  13,  23,  and  40.  Although  there  is,  thus,  no 
detailed  relationship  between  the  sites  of  matrix  loss  and  the  main  mineraliza¬ 
tion  pattem  oWned,  nevertheless  both  start  in  the  incisal  part  of  the  enamel 
and  show  a  general  cen  ical  expansion  and  increase  in  area  with  advancing  age. 
The  possibility  therefore  remains  that  matrix  loss  bears  some  less  direct,  and  at 
present  undetennined  relationship,  to  the  main  pattem  of  mineral  accretion. 

SUM.M.\RY 

1.  Comparison  of  the  mineralization  and  staining  patterns  of  organic 
enamel  matrix  reveals  only  a  bread  general  similarity;  both  patterns  show  a 
se(juence  of  changes  which  starting  in  the  incisal  portion  of  the  amelodentinal 
junction  spreads  peripherally  and  cen  ically  threugh  the  enamel. 

2.  Comparison  of  the  i)attems  of  mineralization  and  matrix  loss  shows 
even  less  correspondence;  here  l)oth  show  a  setpience  of  changes  which  starting 
in  the  incisal  enamel  extends  cervically  with  increasing  maturity. 

3.  The  abs('nce  of  complete  identity  In'tween  thest*  thi*ee  patterns  limits  the 
value  of  decalcified  sections  in  the  detailed  analysis  of  enamel  mineralization. 

The  autliur  wiaheH  to  thank  Dr.  J.  .1.  HudHon,  Senior  I.ecturer  in  the  l)«|>artuient,  fur 
advice  and  encuuraKeinent  duriiii;  the  inveMtiKatiun;  Mr.  M.  R'udland  and  Mr.  A.  Murdoch, 
also  of  the  Department,  for  technical  assistance;  and  Dr.  J.  L.  Emery,  Pathologist  of  the 
Children's  Hospital,  Hheftield,  for  the  necropsy  material  on  which  the  investigation  is 
based. 
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A  COMPARISON  BETWEPLN  THE  EtTECT  OF  SELECTIVE 
SALIVARIADENECTOMY  AND  SELECTIVE  SALIVARY 
OLAND  LIGATION  ON  DENTAL  CARIES  IN  THE  RAT 
JOSEPH  C.  MUHLER,  WILLIAM  G.  SHAFER,  AND  DAVID  BIXLER 
Indiana  University,  School  of  Dentistry,  Indianapolis,  Ind. 

Recent  studies  have  shown  that  ligration  of  the  major  salivary  gland 
duets  does  not  produce  the  same  cariogenic  effect  in  the  rat  dentition 
as  salivariadenectomy.*’  *  The  reason  for  these  differences  is  not  known.  This 
study  was  conducted,  therefore,  in  an  attempt  to  learn  more  about  the  relative 
effects  that  the  different  salivary  glands  have  on  the  incidence  of  dental  caries 
in  the  rat  when  individual  or  paired  glands  are  either  surgically  removed  or 
their  ducts  ligated. 

experimental  methods 

A  total  of  315  weanling  male  Sprague-Dawley  strain  rats,  of  which  204 
survived  the  entire  experimental  period,  were  divided  into  nine  groups  as 
evenly  as  possible  according  to  body  weight.  Group  1  was  not  operated  upon 
and  served  as  a  control.  The  animals  in  Group  2  had  the  major  salivarj' 
glands  removed  by  surgical  methods  previously  described.®  Animals  in  Group 
3  had  all  the  major  salivary  gland  ducts  (parotid  and  submaxillary-sublin¬ 
gual)  ligated  bilaterally.  The  animals  in  Group  4  had  the  submaxillary  and 
sublingual  salivary  gland  duets  ligated  on  the  right  side  only,  while  the 
animals  in  Group  5  had  the  combined  submaxillary  and  sublingual  salivary 
gland  ducts  ligated.  The  animals  of  Group  6  had  the  parotid  gland  duct 
ligated  on  the  right  side  while  those  of  Group  7  had  the  parotid  duets  ligated 
bilaterally.  Group  8  consisted  of  animals  w'hose  major  salivary  glands  (pa¬ 
rotid,  submaxillary,  and  sublingual)  were  surgically  removed  on  the  right 
side  only.  Animals  in  Group  9  had  the  major  salivary  gland  duets  ligated  on 
the  right  side  only.  The  surgical  method  for  performing  the  ligation  has  also 
been  described.® 

All  of  the  animals  received  the  same  stock  corn  cariogenic  diet  and 
fluoride-free  distilled  water  ad  libitum  for  140  days,  after  which  they  were 
sacrificed  and  and  their  heads  prepared  for  dental  caries  examination  by 
methods  previously  described.*  The  animals  were  housed  in  pairs  in  raised 
screen  cages  in  an  air-conditioned  room. 

This  study  was  supported  In  part  by  a  research  yrant  (D-807)  from  the  National  In¬ 
stitute  of  Dental  Research,  U.  S.  Public  Health  Service. 

Received  for  publication  March  26,  1959 ;  revised  by  authors  Aug.  24,  1959. 
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DATA  AND  DISCJUSSION 

The  dental  caries  data  together  with  the  final  body  weight  of  the  animals 
at  the  end  of  the  study  period  are  found  in  Table  I.  The  dental  caries  experi¬ 
ence  of  the  animals  in  each  of  the  nine  experimental  groups  is  shown  accord¬ 
ing  to  the  incidence  of  caries  in  either  the  maxillary  or  mandibular  dental 
arches,  both  of  these  combined,  or  of  the  caries  incidence  in  the  left  or  right 
maxillary  and  mandibular  arches.  These  data  clearly  indicate  that  total 
salivariadenectomy  (Group  2),  when  compared  to  controls,  significantly  in¬ 
creases  the  incidence  of  dental  caries,  but  that  total  duct  ligation  (Group  3) 
is  significantly  more  destructive  to  the  teeth  than  salivariadenectomy  (p  = 
0.0001).  This  observation  is  in  keeping  with  similar  previous  studies  sug¬ 
gesting  the  increased  severity  of  the  effects  of  ligation  as  compared  to  sali¬ 
variadenectomy.  At  autopsy,  several  animals  from  each  of  these  two  groups 
were  carefully  studied  in  order  to  determine  if  residual  parotid  tissue  re¬ 
mained  in  the  animals  which  were  salivariadenectomized.  Since  little  or  none 
was  found  it  was  concluded  that  the  completeness  of  the  salivariadenectomy 
procedure  was  sufficient  to  eliminate  the  function  of  this  gland,  which  sug¬ 
gests  that  these  differences  may  not  be  explained  simply  on  the  basis  of  in¬ 
complete  removal  of  the  parotid  tissue  by  the  salivariadenectomy  surgical 
procedure.  Still  further  evidence  suggesting  fundamental  differences  between 
salivariadenectomized  rats  and  those  with  duct  ligations  is  found  when  one 
compares  the  results  obtained  by  a  hemi-salivariadenectomy  (the  combined 
right  submaxillary — sublingual  and  parotid  glands)  with  those  obtained  by 
ligating  the  ducts  of  these  glands  (Groups  8  with  9).  If  the  biologic  effects 
of  these  two  operations  were  identical  one  would  predict  that  the  total  caries 
experience  in  these  two  groups  would  be  identical,  but  since  the  incidence 
of  caries  is  significantly  higher  (p  =  0.01)  in  the  group  with  the  ligated 
ducts  (Group  9),  the  effects  of  the  two  operations  must  be  considered  differ¬ 
ent. 

'  A  careful  examination  of  the  data  in  Table  I  reveals  that  the  fundamental 
difference  in  caries  incidence  between  total  salivary  gland  removal  (Group  2) 


Tabi.e  I 

The  Effect  of  Selective  Salivariadenectomy  and  Selective  Salivary  Gland  Duct 
Ligation  on  the  Incidence  of  Dental  Caries  in  the  Rat 


GROUP* 

X  final  j 
BODY  WT. 
(GRAMS) 

NO. 

OF 

ANI¬ 

MALS 

X 

TOTAL 

NUMBER 

LESIONS 

X 

NUMBER 

MAXIL¬ 

LARY 

LESIONS 

X 

NUMBER 

MAN¬ 

DIBULAR 

LESIONS 

X 

NUMBER 

LESIONS 

L. 

MAXILIJt 

X 

NUMBER 

LESIONS 

R. 

MAXILI.A 

X 

NUMBER 

LESIONS 

L. 

MANDIBLE 

X 

NUMBER 

LESIONS 

R. 

MANDIBLE 

1 

339 

22 

8.30 

0.50 

7.80 

0.33 

0.17 

3.80 

4.00 

2 

262 

24 

12.50 

1.40 

11.10 

0.71 

0.69 

5.50 

5.60 

3 

308 

31 

14.10 

3.90 

10.20 

0.42 

3.48 

4.25 

5.95 

4 

322 

19 

10.40 

0.95 

9.35 

0.52 

0.43 

4.70 

4.65 

5 

317 

17 

11.80 

2.30 

9.50 

0.35 

1.95 

3.71 

5.79 

6 

270 

22 

20.80 

8.75 

12.05 

4.41 

4.34 

6.00 

6.05 

7 

314 

20 

10.20 

0.25 

9.95 

0.10 

0.15 

4.90 

5.05 

8 

295 

20 

12.10 

1.70 

10.40 

0.50 

1.20 

5.30 

5.10 

9 

342 

29 

16.50 

5.41 

11.09 

2.80 

2.61 

5.52 

5.57 

•1  =  control;  2  =  major  salivariadenectomy;  3  =  major  salivary'  grland  Illation;  4  = 
submaxillary  and  subling^ial  ducts  ligated  on  right  side;  5  =  submaxillary  and  sublingual 
ducts  ligated ;  6  =  parotid  duct  ligated  on  right  side ;  7  =  parotid  duct  ligated  bilaterally ; 
8  =  salivariadenectomized  on  right  side ;  and,  9  =  major  salivary  gland  ducts  ligated  on 
right  side. 
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and  total  salivary  duct  ligation  (Group  3)  is  in  the  maxillary  arch.  In  such 
ligated  animals,  a  500  per  cent  increase  in  maxillary  caries  was  noted.  Pro¬ 
gressing  one  step  further,  if  the  animals  of  Group  5  (submaxillary-sublingual 
ligated)  are  now  compared  to  those  of  Group  3  (all  glands  ligated),  it  is  im¬ 
mediately  apparent  that  the  functioning  parotid  will  contribute  a  marked 
resistance  to  dental  caries  attack  even  when  the  other  major  glands  are 
essentially  nonfunctional.  These  comparisons  certainly  emphasize  the  im¬ 
portance  of  the  parotid  gland  in  caries  resistance  in  experimental  animals. 

A  somewhat  surprising  result  is  noted  when  the  right  maxillary  caries  inci¬ 
dence  of  Groups  4,  6,  8,  and  9  is  compared.  (These  animals  were  all  operated 
upon  only  on  the  right  side.)  Hemi-desalivation  (Group  8)  does  not  affect 
maxillary  caries  incidence  on  the  operated  side  as  compared  to  control  animals 
(or  to  opposite  side).  Hemisubmaxillary-sublingual  ligation  (Group  4)  also 
does  not  significantly  alter  caries  incidence  on  the  ligated  side.  However, 
ligation  of  the  right  parotid  duct  (Group  6)  markedly  increases  caries  in  the 
right  maxillary  arch  while  ligation  of  all  the  duets  on  the  one  side  (Group  9) 
practically  triples  the  caries  incidence  in  that  arch.  This  result  suggests 
that  there  is  a  threshold  level  of  salivary  flow  in  dental  caries  resistance. 
When  salivary  flow  is  reduced  past  this  point  the  dental  caries  incidence 
increases  markedly. 

One  other  observation  can  be  made  from  these  same  four  groups.  If  the 
right  maxillary  caries  incidence  (operated  side)  is  compared  to  the  left  maxil¬ 
lary  caries  incidence  (unoperated  side),  it  will  be  noted  that  in  no  case  is 
there  a  significant  increase  in  caries  incidence  on  the  unoperated  side.  This 
suggests  that  the  local  washing  or  cleansing  effect  of  saliva  is  extremely 
important  in  caries  resistance. 

A  comparison  between  the  selective  destructive  effects  of  loss  of  the 
parotid  saliva  in  comparison  to  loss  of  the  combined  submaxillary — sublingual 
saliva  can  be  seen  by  comparing  Groups  5  and  7.  These  data  show  that  the 
removal  of  the  parotid  fluid  is  significantly  (p  =  0.001)  more  destructive  to 
the  teeth  than  the  removal  of  the  combined  fluids  from  the  submaxillary — 
sublingual  glands.  Such  operations  suggest  that  perhaps  more  attention 
should  be  placed  on  experimental  studies  involving  the  parotid  gland  in  a 
search  for  enzymatic  or  other  biochemical  factors  relating  the  major  salivary 
glands  to  dental  caries.  It  is  known,  for  example,  that  thyroid  function 
modifies  the  function  and  histologic  picture  of  the  submaxillary  gland,®  and 
that  this  in  turn  can  be  directly  related  to  the  dental  caries  experience  in  the 
rat.  However,  since  the  parotid  gland  appears  to  have  the  most  significant 
anticariogenic  function,  it  seems  important  to  learn  more  concerning  the  phys¬ 
iology  of  this  gland  under  a  variety  of  different  experimental  situations. 
Earlier  work  in  these  laboratories  has  shown  that  certain  experimental  con¬ 
ditions,  such  as  thyroidectomy  and  hypophysectomy,  modify  submaxillary 
activity  and  histologic  appearance.  It  has  also  been  observed  that  these  same 
experimental  procedures  may  similarly  affect  the  parotid  gland.*’  ’’ 
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Additional  impetus  for  elucidating  the  importance  of  the  parotid  gland 
in  the  dental  caries  mechanism  is  found  by  comparing  the  cariogenic  effect 
produced  by  ligating  both  parotid  ducts  with  that  of  only  the  right  one 
(Groups  6  and  7).  The  animals  in  which  both  ducts  were  ligated  produced  a 
significantly  greater  destructive  effect  to  the  teeth  than  ligating  only  the 
right  duct,  while  ligating  both  of  the  submaxillary-sublingual  gland  ducts 
(Group  5)  did  not  importantly  change  the  caries  experience  when  compared 
with  unilateral  submaxillary -sublingual  duct  ligation  (Group  4). 

SUMMARY 

An  animal  study  was  conducted  in  order  to  learn  the  relative  effects  that 
the  different  salivary  glands  have  on  the  incidence  of  dental  caries  in  the  rat 
when  individual  or  paired  glands  are  either  surgically  removed  or  their  ducts 
ligated.  Total  salivariadenectomy  significantly  increased  the  incidence  of 
caries  when  compared  to  controls,  but  total  ligation  was  significantly  more 
cariogenic  than  salivariadenectomy.  This  difference  in  caries  incidence  was 
fundamentally  in  the  maxillary  arch.  Hemi-salivariadenectomy  or  hemi-liga- 
tion  did  not  significantly  affect  maxillary  caries  incidence  in  the  unoperated 
arch.  The  importance  of  parotid  tissue  as  an  important  anticariogenic  factor 
is  discussed. 
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ELECTRON  MICROSCOPIC  STUDIES  ON  NERVES  OF 
HUMAN  TOOTH  PULP 

KOJI  UCHIZONO*  AND  KUNINORI  HOMMA 
Department  of  Physiology,  Niigata  University  School  of  Medicine,  Niigata,  Japan 

INTRODUCTION 

Many  morphological  and  physiologic  studies  have  been  made  on  the  dental 
nerves.  The  problem  of  whether  or  not  the  hard  tissue  of  teeth  contains 
nerv'ous  elements,  that  is,  specialized  receptors,  has  been  debated,  but  without 
decisive  conclusions.^’^  The  present  authors  were  interested  in  the  studies  of 
the  sensation  mechanism  in  human  teeth.  Pains  in  teeth  have  practical  meaning 
in  our  daily  lives,  but  the  nature  of  dental  pain  has  never  been  clarified.  The 
existence  of  pain  receptors  in  the  hard  tissue  of  teeth  has  been  suspected  for 
a  long  time.  The  present  studies  were  carried  out  to  approach  this  problem 
from  the  viewpoint  of  the  ultrafine  structure  of  dental  nerves.  This  paper 
deals  mainly  with  the  preliminary  research  on  the  innervation  of  the  dental 
l)ulp  of  human  front  teeth. 

MATERIALS  AND  METHODS 

The  materials  used  wei^  dental  pulps  from  teeth  of  healthy  human  sub¬ 
jects.  The  tooth  pulps  were  cut  out  using  a  dental  carborundum  disk  as  soon 
after  extraction  as  possible.  Care  was  taken  not  to  destroy  the  tissues  during 
the  operations,  and  special  attention  was  paid  to  avoid  excessive  heat  pro¬ 
duction  by  friction  of  disk  with  tooth.  The  exteriorized  pulps  were  then  im¬ 
mersed  in  a  1  per  cent  phosphorus-buffered  osmium  tetraoxide  solution  (pH 
7.4)  and  refrigerated  for  2.5  to  3  hours.  After  repeated  washing  in  distilled 
watei'  in  a  test  tube  for  about  3  hours,  dehydration  of  the  materials  was  car¬ 
ried  out  in  a  70  to  100  per  cent  alcohol  solution,  in  several  steps.  After  com¬ 
plete  dehydration,  the  materials  were  embedded  in  a  mixture  of  methyl-  and 
n-butyl-methacrylate  and  incubated  for  several  hours  at  48°  C.  The  em¬ 
bedded  materials  were  ultra-sectioned  by  means  of  an  Hitachi  ultramicrotome. 
The  thickness  of  sections  varied  from  0.01  to  0.05  p.  The  observations  and 
jihotography  were  carried  out  using  Tronscope  50  and  JTE-5G  electron  micro¬ 
scopes.  For  the  sake  of  comparison,  the  frozen  sections  of  osmium-fixed  ma¬ 
terials  were  also  examined  under  a  light  microscope. 

RESULTS 

Many  medullated  fibera  were  found  to  exist  in  tooth  pulps.  A  control 
picture  taken  with  the  light  microscope  showed  the  relatively  rich  innervation 
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of  myelinated  fibers  (Fig.  1).  As  shown  in  Fig.  2,  groups  of  several  medul- 
lated  fibers  of  various  diameters  were  found  scattered  in  the  pulp.  The  di¬ 
ameters,  including  the  myelin  sheath,  ranged  from  1  to  6  /i.  Fibers  of  2  to 
3  jn  in  diameter  occupied  40  per  cent  of  all  the  medullated  fibers  (Fig.  3). 
Several  mitochondria  were  found  in  all  transverse  sections  of  fibers  and,  in 
some  sections,  more  than  ten  mitochondria  were  found  (Figs.  2  and  4).  The 
thickness  of  the  myelin  sheath  ranged  from  0.3  to  1.0  /x  (Fig.  5).  Small  fibers 
having  relatively  thick  myelin  sheaths  often  occurred,  and  the  large  fibers 
did  not  necessarily  have  the  thicker  myelin  sheath,  contrary  to  the  findings 
in  the  sciatic  nerve  of  the  frog.^  The  ratio  of  fiber  diameter  (including  the 
sheath)  to  myelin  sheath  was  not  constant.  The  thickness  of  a  single  lamella 
of  the  sheath  was  about  100  1.  The  thickness  of  myelin  sheath  was  large 
compared  to  the  fiber  diameter.  Schwann  cell  nuclei  were  often  found  in 
transverse  sections,  as  shown  in  Fig.  6.  The  double  membranes  of  the 
Schwann  cell  sheath  and  the  nuclei  are  shown  in  Figs.  6  and  7.  Mitochondria 
were  found  in  the  cytoplasm  of  a  Schwann  cell  and  in  an  axoplasm. 

A  relatively  small  number  of  nonmedullated  fibers  was  found  in  the  human 
tooth  pulp.  They  were  distributed  mainly  in  two  fashions:  scattered  singly 
or  in  groups  among  the  medullated  fibers  (Fig.  6),  and  appearing  near  or 
attached  to  the  capillaries  (Fig.  8).  The  latter  cases  were  more  often  ob¬ 
served  than  the  former.  Fibers,  1  to  2  /x  in  diameter,  occupied  60  per  cent 
of  the  total  nonmedullated  fibers  of  the  pulp  (see  h’ig.  9).  The  number  of 
mitochondria  found  in  a  transverse  section  was  relatively  small  compared  to 
that  of  the  medullated  fibers.  The  distribution  of  nonmedullated  fibers  was 
similar  to  that  of  the  medullated  fibers  (Fig.  10). 

DISCUSSION 

Several  workers**'**  have  reported  that  the  nerves  of  tooth  pulp  mn 
through  the  apical  canal  accompanied  by  blood  vessels,  giving  collaterals  in 
the  pulp  near  the  crown  of  the  tooth.  The  end-terminals  were  reported  to  be 
distributed  in  the  whole  pulp.  Almost  all  fibers  of  tooth  pulp  are  said  to  be 
medullated  sensory  fibers,  and  the  remaining  few  fibers  nonmedullated  auto¬ 
nomic  fibers.*  As  pointed  out  by  several  authors,  the  nerve  fibers  in  tooth 
pulp  are  arranged  in  a  characteristic  way,  often  encap.sulating  the  blood  ves¬ 
sels,  suggesting  that  the  nerves  are  mainly  vasomotor. 

The  present  studies  revealed  that  most  of  the  fibers  of  tooth  pulp  near 
the  crown  of  the  front  teeth  were  medullated  and  had  a  diameter  of  2  to  3  fi, 
including  the  sheath.  The  diameter  of  medullated  fibers  was  often  less  than 
1  II  with  relatively  thick  myelin  sheath.  Brashear*^  states  that  the  non¬ 
myelinated  fibers  in  dental  nerves  constitute  approximately  25  per  cent. 
Other  authoi-s  have  made  a  lower  (‘stimate.  It  was  sometimes  difficult  to 
distinguish  between  fine  myelinated  and  so-called  nonmyelinated  fibers. 
Electron-microscopic  technic,  especially  the  ultrathin  sectioning  technic,  has 
eliminated  these  difficulties.  There  is  no  ambiguity  between  myelinated  and 
nonmyelinated  fibers  as  shown  in  Figs.  2,  6,  and  7.  Fig.  11  illustrates  the 


Pig.  1. — Control  pictures  taken  with  a  light  microscope.  Left  and  right  photographs 
show  the  nerve  bundle  and  single  fibers,  respectively.  In  the  pulp  of  a  human  front  tooth. 
Frozen  section  was  stained  with  buffered  2  per  cent  osmium  tetraoxlde  solution.  These  fibers 
were  prepared  from  the  site  Indicated  by  box  In  the  center  picture. 


Pig.  2. — Electron  micrograph  of  myelinated  nerve  fibers  found  In  the  pulp.  Arrow 
( left,  below )  Indicates  the  nucleus  of  a  Schwann  cell.  Several,  mitochondria  are  shown  In 
the  axoplasm  of  the  upper  two  fibers,  A  few  nonmedullated  fibers  arc  also  shown  In  the 
center  {arrow). 
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fundamental  differences  between  them.  The  width  of  a  single  lamella  of 
sheath  was  about  100  1  and  comparable  to  that  of  mammalian  nerve  fibers.^*’  “ 
The  relatively  thick  myelinization  of  fibers  seemed  to  be  one  of  the  character¬ 
istics  of  dental  nerve,  contrary  to  the  common  belief  that  the  myelin  sheath 

% 


Fig.  3. — Histogram  of  the  diameters  of  myelinated  nerve  fibers  distributed  in  tooth  pulp.  They 
ranged  from  1  to  6  /(,  including  the  sheath.  The  peak  lies  at  about  2  n. 


Fig.  4. — A  myelinated  nerve  fiber.  A  number  of  mitochondria  in  the  axon  (white  arrow)  and 
a  Schwann  cell  membrane  (black  arrow)  are  shown. 
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contributes  to  the  protection  of  axons.  The  necessity  of  thick  myelinization 
of  dental  nerves  originally  protected  by  hard  tissues  of  the  tooth  cannot  be 
understood  as  mere  protection  against  injuries  from  surroundings.  These 
medullated  fibers  seem  to  be  sensory  in  nature,  judging  from  their  diameters 
(A-gamma  or  A-delta).  Whether  or  not  all  of  them  are  pain  fibers  remains 
open  to  question.  It  might  be  concluded,  at  least,  that  pain  fibers  are  con¬ 
tained  in  them. 


FiK.  5. — Lamellar  structure  of  the  myelin  sheath  of  a  medullated  nerve  fiber  in  the  human 

tooth  pulp. 


Flgr.  6. — Medullated  and  nonmedullated  fibers.  I.rfiyer8  of  lamellae  of  myelinated  fibers 
are  shown,  especially  in  two  fibers  in  the  center.  Note  the  existence  of  the  double  membrane 
(upper  ftco  arrows)  of  the  Schwann  cell  In  these  fibers.  Two  nonmedullated  fibers  of  the 
simple  (L)  and  complicated  (R)  types  are  shown.  The  several  mitochondria  are  conspicuously 
shown  (white  arrow)  In  the  section  of  the  largest  fiber. 


Fig.  8. — For  leyend  aee  opposite  jHige. 
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On  the  other  hand,  there  have  been  few  descriptions  concerning  the  non-  i 

medullated  fibers  in  the  tooth  pulp.  This  is  probably  due  to  the  technical  ' 

difficulties  in  light  microscopy  of  proving  decisively  the  existence  of  the 
smallest  nonmedullated  fibers.  The  present  studies  revealed  that  the  small 

% 


Fig.  9. — Distribution  of  the  nonmeduiiated  nerve  fibers  in  human  tooth  pulp.  The  diameters 
range  from  0.5  to  2.5  n.  The  peak  of  the  histogram  is  at  about  1  ii. 


% 


Fig.  10. — Comparison  of  histograms  of  tiie  diameters  of  medullated  and  nonmedullated 
nerve  fibers  in  the  crown  of  pulp  from  front  teeth.  The  distribution  lies  between  0.5  and  6  m. 
Hatched  portion  indicates  the  nonmedullated  flbera 

nonmedullated  fibers  exist  mainly  in  the  vicinity  of  blood  vessels,  but  they 
could  also  be  seen  to  run  singly  at  a  distance  from  the  vessels,  as  reported 
by  Arwill.^  Their  diameters  were  less  than  2  /i.  The  total  number  of  dental 
nerve  fibers  and  the  ratio  of  medullated  to  nonmedullated  fibers  were  re¬ 
ported  by  Graf  and  his  associates.”  According  to  them,  the  diameter  of  the 


Fig.  7. — Group  of  nonmedullated  nerve  fibers.  In  a,  two  distinct  types  (f,  *)  of  non¬ 
medullated  fibers  are  shown.  Fiber  2  is  a  special  type  of  nonmedullated  fiber,  in  which  five 
axons  are  contained  in  a  single  Schwann  cell.  Schwann  cell  membrane  (S),  axon  membrane 
(A),  and  surface  connecting  membrane  {8CM)  are  clearly  shown  in  these  single  fibers,  es¬ 
pecially  In  b,  where  the  existence  of  a  long  mesaxon  is  conspicuously  proved  (arrow). 

Fig.  8. — Medullated  (m)  and  nonmedullated  (m)  nerve  fibers  found  near  the  capillary 
(c).  Schwann  cell  nucleus  is  indicated  by  a.  In  the  center  of  capillary  Is  shown  a  single 
red  blood  cell.  The  nucleus  of  the  endothelial  cells  of  the  capillary  is  indicated  by  k. 


UCHIZONO  AND  HOMMA 


nerve  fibers  in  tooth  pulp  of  human  front  teeth  ranged  from  2  to  7  /<,,  55  per 
sent  of  them  being  2  to  3  /i.  The  number  of  medullated  fibers  exceeds  re¬ 
markably  that  of  nonmedullated  fibers.  Brookhart  and  his  associates^*  pre¬ 
sented  a  study  of  the  characteristics  of  afferent  fibers  in  the  tooth  pulp  of  the 
eat.  They  revealed  that  these  fibers  were  myelinated  and  ranged  in  size  from 
1  to  7  /n,  with  conduction  velocities  from  30  to  45  m/s  and  strength-duration 


!las8iflcation  of  the  nerve  ftbera.  Tran. s  verse  sections.  A,  Medullated  fibers. 
H,  Nonmedullate<l  fibertj.  Nuclei  are  shown  by  dots. 


curves  resembling  those  of  the  saphenous  A-gamma  and  A-delta  groups.  The 
present  electron  microscopic  studies  confirm  the  results  hitherto  reported  by 
several  authors  using  a  light  microscope.  It  is  quite  interesting  to  note  that 
the  histograms  of  fiber  diameters  of  human  and  mammalian  tooth  pulps  are 
similar.  The;  medullated  nerves  in  tooth  pulps  of  human  front  teeth  belong 
to  A-gamma  or  delta,  as  shown  in  Fig.  11  and  summarized  according  to  the 
results  obtained  in  the  electron  microscopic  studies  of  peripheral  nervous 
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systems  carried  out  in  our  laboratory.  ArwilF  found  no  submicroscopic 
nerve  fibers  in  the  predentin  or  the  dentin  of  the  erupted  tooth,  in  the  den¬ 
tinal  tubules,  or  in  the  matrix.  Further  studies  are  necess;  ^  to  find  out 
precisely  what  functions  these  nerve  fibers  serve. 

SUMMARY 

Electron  micntscopic  studies  on  the  nerve  fibers  in  the  tooth  pulps  of 
human  front  teeth  were  carried  out.  It  was  observed  that  a  great  number 
of  the  nerve  fibers  of  tooth  pulp  were  medullated,  the  diameters  of  which 
(including  the  myelin  sheath)  ranged  from  1  to  6  /^i,  the  greatest  portion 
l)eing  2  to  3  ju..  All  transverse  sections  of  fibers  showed  several  mitochon¬ 
dria.  The  thickness  of  the  myelin  sheath  was  0.5  to  1.0  /a,  independent  of  the 
fiber  diameters.  The  width  of  the  lamella  was  about  100  A. 

Most  nonmedullated  fibers  had  a  diameter  of  1  to  2  /i  and  were  mostly 
found  near  or  attached  to  the  blood  vessels,  suggesting  their  relationship  to 
the  autonomic  functions. 

The  authors  would  like  to  express  their  sincere  thanks  for  the  technical  help  from 
Mr.  Z.  Takahashi,  Mr.  K.  Adachi,  and  Mr.  M.  Saito  of  the  Electron-Microscopic  Laboratory, 
Niigata  University.  Part  of  the  expense  of  this  study  was  defrayed  by  the  Education 
Ministry. 
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EFFECT  OF  FOOD  ASH,  PHOSPHATE,  AND  TRACE  MINERALS  UPON 

HAMSTER  CARIES 

ROBERT  8.  HARRIS  AND  ABRAHAM  E.  NIZEL 
I)< partmint  of  Food  Ttchnology,  Massachusetts  Institute  of  Technology,  Cambridge,  Mass. 

EPIDEMIOLO(iICAL  surveys  have  indicated  that  the  consistent  geographic 
variation  of  caries  prevalence  in  human  beings  may  be  related  to  an  environ¬ 
mental  factor.*  Although  the  evidence  is  quite  conclusive  that  there  is  an  in¬ 
verse  relationship  between  the  level  of  fluoride  in  water  supplies  and  the 
incidence  of  dental  decay,  it  has  been  suggested  that  investigations  be  conducted . 
to  determine  whether  a  relationship  also  exists  between  the  composition  of  foods 
produced  in  different  soil  areas  and  the  incidence  of  dental  decay  in  these 
areas.*  Recently,  Hewart  and  Eastcott*  have  shown  that  this  type  of  rela¬ 
tion  may  exist. 

Experiments  conducted  at  our  laboratories  have  shown  that  corn  and  milk 
produced  in  two  widely  separate  soil  areas  (New  England  and  Texas)  have 
different  effects  on  the  development  of  caries  when  included  in  the  diet  of  the 
Syrian  ham.ster.*  Spectrograph ic  analysis  revealed  that  the  ashes  of  corn  and 
of  milk  produced  in  these  two  areas  were  quantitatively  different.  For  example, 
an  ash  of  the  Maine  corn  had  2  to  2.5  times  more  manganese,  magnesium,  and 
copper,  3  times  more  aluminum,  4  times  more  iron,  the  same  amount  of 
molybdenum,  and  one  third  as  much  nickel  as  the  Texas  com.  The  results  of  an 
experiment  in  which  four  combinations  of  Texas  and  New  England  com  and  milk 
were  fed  in  the  diets  of  hamsters  indicated  that  a  caries-producing  factor 
pi'esent  in  both  the  com  and  milk  from  New  England  was  mainly  responsible 
for  the  differences  noted.® 

In  order  to  determine  whether  this  cariogenic  factor  was  a  mineral  substance, 
two  diets  were  ashed  at  550°  C.,  and  the  ash  was  added  to  equivalent  amounts 
of  each  diet,  thus  doubling  the  mineral  content.  These  ash-supplemented  diets 
were  fed  to  hamstei*8  in  comparison  with  unsupplemented  diets.  It  was  found 
that,  although  no  regional  differences  in  the  cariogenicity  of  these  foo<lstuffs 
was  evident,  the  ash  of  Imth  the  Texas  and  New  England  diets  caused  a  60 
to  70  per  cent  reduction  in  dental  caries.®*  *  It  is  likely  that  this  effect  was  due 
to  the  larger  amounts  of  minerals  in  the  ash-supplemented  diets. 

This  8tu<ly  was  supported  in  part  by  the  OHlce  of  Naval  Kesearch  (Contract  Nonr  -  1841 
132]). 

Read  in  part  (1)  at  the  IV*“*  International  Congrress  of  Nutrition,  Paris,  1  August,  1957. 
Received  for  publication  April  15,  1959 ;  revised  by  authors  Aug.  18,  1959. 
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Tlie  experiments  reported  in  tliis  paper  were  desijjned  to  determine 
wlietlier  the  reduction  in  dental  caries  resulting  from  the  addition  of  ash  to 
the  diet  was  due  to  one  or  moir  of  the  mineral  elements  in  the  ash. 


METHOD 

In  pmious  experiments  we  used  a  simple  diet  consisting  of  com  (63  per 
cent),  whole  milk  powder  (30  per  cent),  alfalfa  meal  (6  per  cent)  and  sodium 
chloride  (1  per  cent)  to  produce  a  moderate  degree  of  dental  caries  in  hamsters. 

For  the  present  study  this  diet  w^as  modified  by  the  addition  of  sucrose  (14  per 
cent)  to  increase  its  cariogenicity,  and  liver  powder  (2  per  cent)  to  improve  its 
nutritional  value,  both  additions  being  made  at  the  expense  of  the  corn  com¬ 
ponent  (Table  I). 

Table  I  •  | 

Composition  of  Experimental  Diets 


1  DIET  NrMBER 

10 

(per  cent) 

11 

(PER  CENT) 

12 

(PER  CENT) 

13 

(PER  CENT) 

W'liole  corn  meal  (Maine) 

47.00 

45.27 

45.12 

45.29 

Milk  powder,  fat-free  (Vermont) 

20.00 

19.24 

19.16 

19.40 

Plastic  cream  (Vermont) 

10.00 

9.62 

9.58 

9.70 

Hucrose 

14.00 

14.00 

14.00 

14.00 

Alfalfa  (Maine) 

6.00 

6.00 

6.00 

6.00 

Liver  powder  (1:20) 

2.00 

'  2.00 

2.00 

2.00 

Sodium  chloride 

1.00 

0.97 

0.97 

0.97 

Ash  of  Diet  10 

2.90 

Potassium  phosphate  (monobasic) 

1.180 

Calcium  oxide 

0.256 

0.256 

Potassium  chloride 

0.808 

1.458 

Strontium  chloride 

0.0002 

0.0002 

Barium  chloride 

0.0002 . 

0.0002 

Sodium  chloride 

0.855 

0.855 

Magnesium  oxide 

0.0635 

0.0635 

Aluminum  hydroxide 

0.0003 

0.0003 

Manganese  oxide 

0.0003 

0.0003 

Zinc  oxide 

0.0022 

0.0022 

Iron  oxide 

0.0048 

0.0048 

Totals 

100.00 

100.00 

100.00 

100.00 

The  mineral  content  of  the  caries-producing  Diet  10  (Table  II)  was 
determined  by  ashing  at  550°  C.,  and  analyzing  the  ash  by  chemical  and 
spectrographic  methods.  Although  many  elements  were  present  in  trace  amounts, 
only  11  (P,  K,  Ba,  Sr,  Ca,  Na,  Mg,  Al,  Mn,  Zn,  Fe,)  could  be  quantitated. 

Four  diets  were  used  in  this  i‘eseai*ch :  the  caries-producing  control  diet 
(Diet  10) ;  the  control  diet  supplemented  with  an  amount  equivalent  to  its 
ash  content  (Diet  11) ;  the  control  diet  supplemented  with  an  11-element  salt 
mixture  containing  the  same  amount  of  each  element  as  was  present  in  the  ash 
supplement  (Diet  12)  ;  and  the  control  diet  supplemented  with  a  10-element 
(P-free)  salt  mixture  containing  the  same  amount  of  each  element  as  in  the 
ash  supplement  (Diet  13).  The  ash  and  salt  mixtures  were  added  at  the 
expense  of  the  com  and  milk.  Phosphorus  was  omitted  from  the  salt  mixture 
added  to  Diet  13  because  it  was  the  only  element  not  in  the  electromotive  series. 
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Table  II 

Mineral  Content  of  Caries-Producing  Diet  10 


1  MG./GM.  DIET  10  ASH 

MG./lOO  GM.  DIET  10 
CALCCLATEDt 

1 

SPECTROGRAPHIC*  | 

CHEMICAL 

Phosphorus 

92.507 

268.3 

Calcium 

68.386 

183.8 

Potassium 

2.36.7 

764.7 

Strontium 

0.069 

0.20 

Barium 

0.029 

0.08 

Sodium 

117,2 

339.9 

Magnesium 

13.20 

38.13 

Aluminum 

0.036 

0.10 

Manganese 

0.072 

0.21 

Zinc 

0.610 

* 

1.77 

Iron 

1.27 

1.18 

3.39 

•Principles  of  Quantitative  Biology  Bmission  Spectrography,  Publication  No.  221,  Ameri¬ 
can  Society  For  Testing  Materials,  1958. 

tSince  Diet  10  contained  2.9  per  cent  ash,  the  content  of  each  mineral  was  calculated  by 
multiolying  >he  milligrams  per  t-ram  of  ash  by  2.9  in  each  case.  The  chemical  value  was 
used  in  calculating  the  iron  content  of  the  diet  because  this  was  considered  to  be  more  accurate. 


The  Ca:P  ratios  of  Diets  10,  11,  and  12  were  the  same  (1  :  1.3),  while 
that  of  Diet  13  was  different  (1  :  0.67).  Diets  11  and  12  contained  twice  as 
much  of  each  of  the  11  elements  listed  above  as  Diet  10.  The  ash  added  to 
Diet  11  contained  several  elements  not  present  in  the  salt  mixtures  and 
which  could  not  be  quantitated  spectrographically. 

The  Johansen  strain  of  caries-susceptible  hamster  was  u.sed.  Quantities 
of  the  four  diets  were  mixed  at  M.  I.  T.,  and  sent  to  Dr.  Johansen  who  placed 
ten  litters  on  each  of  these  diets  when  they  reached  8  days  of  age.  They  were 
placed  on  experiment  at  this  early  preweaning  age  because  their  molai’s  would 
be  more  sensitive  to  dietary  influences.  When  the  hamstei-s  were  35  to  42 
days  old,  they  were  shipped  to  M.  I.  T.  where  they  were  continued  on  their 
r(‘spective  diets.  In  both  laboratories  the  hamsters  were  housed  in  screen- 
bottomed  metal  cages  and  offered  diets  and  distilUxl  water,  ad  libitum. 

When  the  hamstei-s  were  120  days  old  (after  112  days  on  the  respective 
diets),  they  were  sacrificed  by  decapitation,  the  heads  were  autoclaved,  the 
jaws  were  stripped  of  soft  tissue,  bleached  with  3  per  cent  hydrogen  peroxide,  air- 
dried,  and  the  dental  caries  in  the  molars  were  scored  and  charted  by  Johansen’s 
modification*  of  the  Keyes’  procedure.** 

RESULTS  AND  DISCUSSION 

The  distribution  of  males  and  females  in  the  diet  groups  at  the  termination 
of  the  experiment  is  given  in  Table  III,  and  the  caries  scores  are  presented 
in  Fig.  1  and  Table  III. 

The  caries  score  of  the  group  receiving  the  diet  supplemented  by  its  ash 
(Diet  11)  was  35  per  cent  as  great  as  that  of  the  group  receiring  the  caries- 
producing  control  diet  (No.  10).  This  eonfirms  our  previous  finding**  that  the 
ash  of  a  diet  composed  largely  of  corn  and  milk  powder  8ignifi?antly  reduced 
dental  decay  in  hamsters. 

The  caries  score  of  the  group  receiving  the  11-element  salt  mixture 
(Diet  12)  was  only  5  per  cent  as  great  as  that  of  the  control  group,  and  about 
one  third  that  of  the  ash-supplemented  group  (Diet  11).  It  was  to  be  expected 
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that  the  development  of  caries  in  hamsters  receiving  Diets  11  and  12  would  be 
the  same,  since  they  contained  the  same  amounts  of  these  11  elements.  It 
is  not  known  whether  the  difference  noted  was  due  to  differences  in  the  form 
in  which  these  elements  were  fed,  to  the  unquantitated  trace  elements  present 
in  the  ash  of  the  diet  and  omitted  from  the  salt  mixture,  or  to  some  other  factor. 

The  caries  score  of  the  group  which  received  Diet  13  was  one  and  one  third 
times  that  of  the  control  group  (Diet  10),.  and  27  times  greater  than  the  caries 
score  of  animals  receiving  Diet  12.  Diet  13  was  identical  to  Diet  12,  except  that 
phosphorus  was  omitted  from  its  salt  mixture.  As  a  result  of  the  omission  of 

20 _ 


18.4 


Dial  Dial  Oiat  Diet 

*10  *11  *12  *13 


Fijf.  1.  KITect  of  a«h  and  mineral  salt  supplementation  of  diet  on  caries  scores. 


Table  III 

Sex  Distribution  of  Surviving  Hamsters  and  Caries  Scores  of  Molar  Teeth 


DIET 

GROUP 

TYPE 

OF  SUP¬ 
PLEMENT 

MALES 

FEMALES  { 

1  MALES  AND  FEMALES 

RELATIVE 

CARIES 

SCORES* 

NO. 

AVG. 

CARIES 

SCORES 

S.D. 

NO. 

AVG. 

CARIES 

SCORES 

S.D. 

NO. 

AVG. 

CARIES 

SCORES 

10 

None 

8 

17.8 

20.0 

9 

9.50 

12.8 

17 

13.4 

17.6 

100 

11 

Asht 

7 

9.87 

7.2 

9 

0.72 

0.7 

16 

4.7 

6.8 

35 

12 

Salt  mixt 

13 

0.93 

2.01 

14 

0.05 

0.03 

27 

0.7 

1.9 

5 

13 

Salt  mix9 

7 

27.9 

22.2 

7 

8.78 

6.18 

14 

18.4 

19.6 

137 

*Caries  score  relative  to  Diet  10  which  equals  100. 

tContalned  P,  K,  Sr,  Ba.  Ca.  Na.  Mr,  A1,  Mn.  Zn.  Fe,  plus  trace  elements  which  could 
not  be  quantitated. 

{Contained  P,  K,  Sr,  Ba,  Ca,  Na,  Mr.  A1,  Mn.  Zn.  Fe. 

{ConUined  K,  Sr,  Ba,  Ca,  Na,  Mr,  A1,  Mn.  Zn,  Fe. 

potassium  phosphate  monobasic,  this  salt  mixture  lost  its  cariostatic  activity;  in 
fact,  it  became  cariogenic.  The  apparent  cnriogenic  activ  ity  of  this  phosphorus- 
free  salt  should  be  inv(«tigated  further. 

It  will  be  noted  that  the  two  diets  which  contained  low  levels  of 
phosphorus  (Diets  10  and  13)  were  cariogenic,  while  those  with  twice  as 
much  phosphorus  (Diets  11  and  12)  vvei*e  cnriostatic.  Furthennore,  the 
three  diets  with  the  same  Ca  :  P  ratio  (10,  11,  12)  differed  greatly  in 
carie8-pi*oducing  activity.  It  is  evident  that  the  level  of  phosphorus  is  the 
important  factor. 
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Other  investigators  have  reported  that  mineral  elements  in  the  diet  accelerate 
or  inhibit  the  development  of  caries.  Kruger'®’  "  and  Wisotzky  and  Hein'® 
reported  that  the  incidence  of  caries  in  rats  was  decreased  when  boron  was 
added.  ^ 

McClure  and  co-workei’s'®  noted  that  the  Osbome-Mendel  salt  mixture  was 
significantly  cariostatic  for  rats  when  added  to  a  caries-producing  diet,  and 
Shaw"  obser\ed  no  effect  on  caries  when  the  salt  content  of  a  purified  diet 
was  doubled. 

Constant  and  a.ssociates'®  reported  that  a  high  level  of  basic  inorganic  siilts 
(oxides)  resulted  in  a  marked  decrease.'  in  tooth  decay  in  cotton  rats,  while 
acidic-inorganic,  basic-organic,  or  acidic-organic  salt  mixtures  gave  no  protection. 
It  is  pertinent  to  point  out  that  these  sfilt  mixtures  differed  in  phosphorus 
content,  and  that  the  basic-inorganic  salts  which  they  found  to  be  cariostatic 
were  also  the  richest  in  phosphorus  content. 

Sobel'®  suggested  that  high  Ca  :P  ratios  in  diets  increase  their  cariogenicity. 
Wynn  and  his  co-workers"  observed  a  progressive  reduction  in  cari(^enicity 
as  the  Ca :  P  ratio  of  the  diet  was  changed  from  1 : 0.5  to  1:1  to  1:2.  They 
concluded  that  this  could  not  have  been  due  to  differences  in  the  calcium 
content  of  the  diets,  for  calcium  was  maintained  at  a  constant  level,  and  must, 
therefore,  have  been  related  either  to  the'increase  in  phosphorus  or  the  change  in 
the  Ca :  P  ratio,  or  both.  In  a  later  paper,  Haldi  and  his  associates'*  concluded 
that  changes  in  the  cariogenicity  of  the  diets  must  be  attributed  to  the  actual 
calcium  and  phosphonis  content  of  the  diets,  and  not  to  their  Ca :  P  ratios. 

The  data  reported  here  suggest  that  the  caries-inhibiting  effects  of  natural 
ash  supplements  reported  by  Nizel  and  Harris®’ '  and  Sognnaes  and  Shaw'® 
may  be  explained  as  due  to  an  increase  of  the  phosphorus  content  of  diets. 

SUMM.VRY 

The  ash  (550°  C.)  of  a  caries-producing  diet  was  added  to  this  diet,  there¬ 
by  doubling  its  mineral  content.  In  comparison  with  the  control  diet,  this  ash- 
supplemented  diet  caused  a  65  per  cent  reduction  in  dental  caries  when  fed  for 
112  days  to  hamsters,  beginning  when  they  were  8  days  old. 

A  salt  mixture  containing  11  elements  in  the  same  proportions  and  amounts 
as  this  ash  was  added  to  the  caries-producing  diet.  The  caries  score  in  hamsters 
was  reduced  by  95  per  cent. 

When  a  phosj)horu.s-free  .salt  mixture  was  adde<l  to  the  caries-producing 
diet,  the  caries  score  was  increa.sed. 

The  cariostatic  effect  of  phosphorus  was  not  related  to  the  Ca :  P  ratios  of  the 
diets,  because  l>oth  high  and  low  caries  scores  were  observed  with  diets 
with  the  same  (,’a :  P  ratios.  Low  carit's  sc’ores  were  obsen  rel  only  with  those 
diets  containing  high  levels  of  phos{)horu.s. 

These  results  indicate  that  the  cariogenicity  of  experimental  diets  may 
Im'  dependent  upon  their  content  of  available  phosphorus.  Diets  low  in  available 
phosphorus  content  may  be  cai  iogi'uic,  while  those*  rich  in  available  ])hos])horus 
content  may  be  cariostatic. 
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AIK  PKESSUKE  DEVICE  B'OR  THICKNESS  MEASUREMENT  OF 
UNDECALCIFIED  TISSUE  SECTIONS 
BARRIE  GILLINGS,  MICHAEL  BUONOCORE,  AND  PAUL  PAGEREY 
Eastman  Dental  Dispensary  and  Taylor  Instrument  Co.,  Rochester,  N.  Y. 
INTRODUCTION 

IN  THE  PAST  two  decades,  air  pressure  devices  have  found  increasing  use 
where  rapid  and  accurate  thickness  measurements  are  required,  particularly 
in  machine  control  and  automatic  gauging  application.  The  ability  of  this 
type  of  instrument  to  measure  the  thickness  of  small  areas  without  contact 
pressure  suggested  its  use  with  thin  brittle  sections  of  calcified  tissue.  This 
paper  describes  the  construction  of  an  air  pressure  device  specifically  designed 
for  such  an  application.  There  are  several  basic  designs  for  commercially 
available  air  gauges,  employing  different  types  of  measuring  technics,  such  as 
the  back  pressure,  flow,  venturi-  and  bellows-type  circuits.  In  the  apparatus 
described  here,  the  back  pressure  circuit  is  used,  and  the  discussion  will  be 
limited  to  this  type,  although  the  basic  principles  are  the  same  for  all  air 
gauges. 

METHOD  OF  CONSTRUCTION 

The  photographs,  Figs.  1  and  2,  show  the  essential  details  of  the  instru¬ 
ment.  A  compressed  air  supply  of  about  25  lbs.  per  square  inch  is  supplied  to 
a  variable  pressure  reduction  valve  (i),  fitted  with  an  output  pressure  gauge 
{2).  The  compressed  air,  reduced  to  20  lbs.  per  square  inch,  is  then  led  into 
a  small  chamber  (3)  fitted  with  two  jeweled  outlet  orifices  (4)  and  (5),  each 
0.010  inch  in  diameter  and  fitted  with  a  small  needle  for  cleaning  purposes. 
The  compressed  air  from  each  orifice  is  lead  by  means  of  a  T  union  {6)  and  (7) 
to  pressure  gauges  (8)  and  (9)  graduated  in  units  of  0.5  lb.  and  to  hollow 
aluminum  rods  (10)  and  (11)  having  opposing  exit  orifices  0.035  inch  in  diame¬ 
ter.  The  hollow  rods  are  mounted  in  rectangular  metal  sleeves  (12)  and  (13) 
so  that  their  orifices  can  be  approximated  or  separated.  All  the  components, 
together  with  a  holder  (14)  for  the  specimens,  are  mounted  on  a  large  woo<Ien 
base.  Essentially  the  instrument  is  a  twin  unit  air  gauge,  one  half  being  the 
duplicate  of  the  othei-.  Most  parts  used  in  the  instrument  are  available  com¬ 
mercially.  Other  parts  such  as  the  metal  sleeves,  aluminum  rod  units,  and 
specimen  holder  may  be  made  inexpensively  at  any  machine  shop. 

CALIBRATIO.N  OF  THE  INSTRUMENT 

The  successful  performance  of  this  instrument  depends  on  its  accurate 
calibration.  The  rationale  for  the  calibration  involves  a  consideration  of  basic 

Received  for  publication  May  27,  1959. 


1148 


Volume  38  MEASUREMENT  OF  UNDECALCTFIED  TISSUE  SECTIONS  1149 

Number  6 


principles  pertaining  to  air  pressure  devices.  The  principles  are  illustrated 
diagrammatically  in  Fig.  3,  which  shows  a  simplified  relationship  of  the  basic 
elements  of  the  instrument,  where  Pi  and  Oi  represent  the  pressure  and  one 
jeweled  orifice  in  chamber  (3),  respectively,  and  Pa  and  Oa  represent  the 


FIht.  2. — Detail  view  of  nieasurinK  aasembiy  and  specimen  holder  of  air  pressure  device. 

pressure  and  orifice  in  one  aluminum  rod  unit  (i/),  respectively.  The  pres¬ 
sures  Pi  and  Pa  are  those  recorded  in  the  pressure  gauge  (.3  and  P).  Pa  is  the 
atmospheric  pressure.  In  such  a  system  it  follows,  according  to  principles 
involving  the  flow  of  gases  through  orifices,*  that  when  Pi,  Oi,  and  Pa  are 

*For  more  detailed  information  on  the  flow  of  gases  through  oriflces  the  reader  la  referred 
to  standard  texts. 
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constant,  then  Pg  is  a  function  of  the  orifice  size  It  follows  that  gradual 
closing  of  the  orifice  Oj  will  cause  the  pressure  P^  to  pi-ogressively  increase 
until  it  is  equal  to  Pi,  when  the  orifice  is  completely  closed.  This  same  effect 
can  be  achieved,  without  altering  tJie  physical  size  of  the  orifice,  by  gradually 
moving  a  baffle  toward  the  orifice  until  it  is  firmly  against  it.  This  may  be 
seen  more  clearly  in  Fig.  4.  As  the  baffle  is  moved  from  the  contact  position, 
corresponding  to  complete  closure  of  the  orifice,  room  is  created  for  the  com¬ 
pressed  air  to  escape.  If  X  represents  clearance  between  orifice  and  baffle. 


0,  O2 


FiB.  3. 


ROD 


Fig.  4. 


FiB.  3. — DiaBrammatic  representation  of  the  circuit  of  the  air  pressure  device. 

FiB-  4. — DiaBrammatic  representation  of  the  effect  of  a  movable  baffle  on  the  effective 
orifice  openinB- 


the  escape  area  is  defined  by  the  surface  of  a  cylinder  having  a  height  X  and 
a  circumference  equal  to  that  of  the  orifice  opening  and  is  designated  irl)  X. 
When  the  distance  X  is  such  that  the  escape  area,  as  defined  above,  is  equal 
to  the  area  of  the  aluminum  rod  orifice  7r(D/2),*  then  the  pressure  P2  is  the 
same  as  when  no  baffle  is  present.  As  the  baffle  approaches  the  rod  orifice, 
however,  P2  should  gradually  rise.  The  recording  of  this  variation  in  Po  with 
X  is  the  essential  step  in  the  calibration  of  the  instrument. 

To  obtain  the  data  for  the  calibration  graph,  a  micrometer  screw  gauge, 
graduated  to  read  1  inch  in  units  of  0  0001  of  an  inch,  was  inserted  into  one 
metal  sleeve  in  place  of  one  aluminum  rod.  The  micrometer  face  used  as  a 
baffle  was  brought  into  firm  contact  with  the  opposing  orifice  until  the  pressures 
Pi  and  P2  were  equal  (20  lb./s(j.  inch).  The  micrometer  screw  was  then 
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turned  to  increase  progressively  the  separation  between  its  face  and  the  orifice 
opening  in  steps  of  0.0001  inch,  and  the  corresponding  pressure  recorded.  To 
complete  the  calibration,  this  operation  was  repeated  for  the  other  aluminum 
rod  unit  using  the  same  reduction  valve  pressure. 


10  20  30  40  50  60 


CLEARANCE  X  (MICRONS) 

PlK.  5. — Plot  of  pressure  as  a  function  of  clearance  X  for  one  rod  unit. 


Flgr.  6. — Position  of  section  of  unknown  thickness  between  rotl  oriflees.  Thickness  of  sec¬ 
tion  (unknown)  determined  by  subtraction  of  (X|.  .f  Xr)  as  obtained  from  calibration  curves, 
from  initial  separation  (known)  of  oriflees. 

The  plot  of  the  pressure  P2  as  a  function  of  X  in  one  aluminum  rod  is 
shown  in  Fig.  5.  A  similar  curve  is  obtained  for  the  other  rod.  It  is  seen  that 
the  usable  portion  of  the  curve  approximates  a  straight  line  and  covers  a  dis¬ 
tance  of  25  ft  measured  from  a  point  of  10  /i  from  the  orifice  opening.  This  in 
effect  means  that  any  clearance  in  the  range  of  10  to  35  between  the  orifice 
and  a  baffle  face  can  be  accurately  determined.  The  ability  to  measure  this 
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clearance  is  the  key  to  the  successful  operation  of  the  device  for  determining 
the  thickness  of  an  object.  In  practice  the  two  opposing  aluminum  rod  orifices 
are  separated  by  a  known  distance  and  a  flat  object  is  then  placed  between  the 
orifices,  each  surface  of  the  object  serving  as  a  baffle  for  its  opposing  orifice  as 
shown  diagrammatically  in  Fig.  6.  The  thickness  of  this  object  should  be  such 
that,  when  it  is  approximately  midway  between  the  orifices,  the  separation 
between  each  side  of  the  object  and  its  corresponding  orifice  will  be  in  the 
range  of  10  to  35  /x.  The  pressure  for  each  aluminum  rod  orifice  designated 
by  Pl  and  Pr  is  then  read  and  converted  to  microns  clearance  on  its  correspond¬ 
ing  graph.  Adding  these  and  subtracting  the  sum  from  the  known  initial 
separation  gives  the  thickness  of  the  object  between  the  two  orifices. 

Since  the  micrometer  used  in  calibrating  the  rods  reads  in  divisions  of 
0.0001  inch,  any  readings  made  must  lie  within  the  limits  of  ±1.25  fi. 
Clearance  measurements  as  read  from  the  graphs  involve  the  addition  of  two 
such  corrections,  therefore,  the  theoretical  limit  of  accuracy  of  the  clearance 
measurements  is  ±2.5  fi.  The  machine  performs  well  within  these  limits. 

STANDARDIZATION  OF  THE  INSTRUMENT 

Accuracy  and  Precision. — To  determine  the  accuracy  and  precision  of  the 
instrument,  thickness  measurements  were  made  on  a  set  of  feeler  gauges  whose 
thickness  had  been  accurately  determined  on  an  Indic-Ac  electronic  height 
gauge  (Cleveland  Instrument  Co.)  to  within  ±0.000005  inch.  Each  feeler 
gauge  was  measured  as  follows.  A  known  separation  of  the  orifices  was  ob¬ 
tained  by  using  a  feeler  gauge  that  was  about  20  to  70  ja  thicker  than  the  one 
to  be  measured.  The  thicker  feeler  gauge  was  placed  between  the  rod  orifices 
and  the  rods  brought  into  contact  with  the  sides  of  the  feeler  until  the  pres¬ 
sure  p2  equaled  the  pressure  on  the  reduction  valve  (20  lb./  sq.  inch).  This 
feeler  was  then  withdrawn  and  replaced  by  the  feeler  gauge  to  be  measured. 
The  feeler  gauge  was  held  in  position  by  the  specimen  holder.  As  this  feeler 
gauge  was  thinner  than  that  used  for  establishing  the  known  separation,  there 
'  was  a  clearance  between  each  side  and  its  opposing  orifice.  Pressure  readings 
were  obtained  from  the  pressure  gauges  connected  to  each  aluminum  rod  and 
converted  to  clearance  in  microns.  The  sum  of  these  clearance  values  obtained 
was  then  subtracted  from  the  known  separation  as  established  by  the  first 
feeler  gauge  to  give  the  thickness  of  the  second  feeler  gauge.  This  process 
was  repeated  on  a  number  of  feeler  gauges  of  different  known  thickness.  The 
measurements  shown  in  Table  I  represent  the  average  of  ten  separate  readings 
on  the  tip  area  of  each  feeler  gauge  and  demonstrate  the  high  degree  of  ac¬ 
curacy  and  precision  obtained  with  the  air  pressure  device. 

To  measure  the  thickness  of  an  object,  such  as  a  hard  tissue  section,  an 
estimate  of  its  thickness  is  made  so  that  a  feeler  gauge  of  the  appropriate 
thickness  can  be  used  for  establishing  the  known  separation  of  the  orifices. 
Pressure  readings  are  then  taken  and  converted  as  described  above.  A  check 
of  the  accuracy  of  the  known  separation  can  be  simply  made  by  measuring 
the  thickness  of  a  known  feeler  gauge  of  the  same  order  of  thickness  as  the 
sections  to  be  measured. 
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Table  I 

Feeler  Gauge  Thickness  Measurements 


TRUE  THICKNESS 
(IN.  MICRONS)  1 

MEASURED  THICKNESS  I 
(IN  MICRONS) 
•(MEAN  OF  10) 

PRECISION  PARTS 
PER  1,000 

ERROR  PER  CENT 

1. 

183.0 

182.8 

2.2 

-  .1 

2. 

153.3 

153.5 

2.8 

+  .1 

3. 

127.5 

127.3 

0.6 

-  .2 

4. 

102.0 

101.8 

2.0 

-  .2 

5. 

73.3 

73.5 

0.7 

+  .3 

6. 

63.0 

62.8 

1.6 

-  .3 

7. 

52.3 

54.0 

2.3 

+1.3 

8. 

34.5 

35.5 

4.2 

+2.8 

FIk-  7. — Surface  area  available  for  escape  of  air  (irD  X)  for  sections  with  different  types  of 

surfaces  (A,  B,  and  C). 


Effect  of  Surface  Texture  on  Thickness  Measurements. — When  the  area 
measured  is  not  smooth  and  flat,  but  is  wedge  shaped,  curved,  or  rough,  as 
shown  in  Fig.  7,  A,  B,  and  C,  respectively,  theoretical  considerations  indicate 
that  the  clearance  obtained  from  the  calibration  graph  reiiresents  a  mean  of 
the  clearances  between  object  and  orifice  opening  measured  continuously 
around  the  circumference  of  an  area  defined  l)y  a  projection  of  the  orifice 
ojiening  on  the  object.  This  mean  clearance  is  represented  by  the  distance  X 
in  A,  B,  and  C,  where  each  curved  or  toothed  solid  line  defines  graphically  the 
varying  clearances  between  the  object  and  the  orifice  face  due  to  the  shape  or 
texture  of  the  object.  It  is  apparent  therefore  that  the  measured  thickness  of 
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an  object  of  the  above  type  will  be  a  mean  thickness  defined  in  the  same  man¬ 
ner  as  the  average  clearance  measurement.  These  considerations  apply  par¬ 
ticularly  to  sections  of  undecalcified  tissue  which,  because  of  their  structure, 
seldom  present  smooth,  fiat  surfaces. 

It  follows  that  thickness  measurements  obtained  on  sections  presenting 
the  kind  of  surface  described  above  will  be  less  by  air  gauge  than  by  microm¬ 
eter  since  the  latter  will  measure  the  thickness  from  the  highest  peak  on  the 
surface.  As  a  practical  test  of  these  theoretical  considerations,  a  series  of 
measurements  w'ere  made  on  20  microscope  cover  glass  slides  by  both  technics 
(Table  II).  Ten  of  the  cover  glasses  were  then  roughened  on  one  side  with  an 

Table  II 

Comparison  of  Measurements  of  Cover  Glasses,  Enamel,  and  Dentin  by  Micrometer  and 

Air  Pressure  Device 


THICKNESS  BY  MICROMETER  (IN  MICRONS) 

1.  BEFORE  ETCH  f.  AFTER  ETCH  |  DIFFERENCES 

150.6  149.5  hi 

150.7  147.5  3.2 

53.2  —  — 

129.0  —  — 

_  THICKNESS  BY  AIR  GAUGE  (IN  MICRONS) _ 

3.  BETORE  ETCH  j  4.  AFTER  ETCH  j  DIFFERENCES 

149.6  TihO  2;6 

149.4  143.6  5.8 

49.2  —  — 

126.1  —  — 


1  DIFFERENCES 

1  1  AND  3 

1  g  AND  4 

Glass,  Series 

I 

1.0 

2.5 

Glass,  Series 

II 

1.3 

3.9 

Dentin 

4.0 

— 

Enamel 

.  2.9 

— 

•Scrips  I,  etched  on  one  side.  Series  II,  etched  on  both  sides. 


Airbrasive  Unit  (Series  I)  and  ten  etched  on  both  sides  (Series  II).  Measure¬ 
ments  were  again  made  as  with  the  unetched  cover  glasses.  Comparative 
measurements  were  also  made  on  polished  sections  of  enamel  and  dentin.  It 
should  be  emphasized  that  the  area  measured  by  the  air  pressure  device  is 
substantially  smaller  than  that  covered  by  the  face  of  the  micrometer  screw 
gauge  since  the  ratio  of  diameters  of  measuring  areas  is  7 :1.  Consequently, 
comparison  of  these  two  measuring  technics  involves  averaging  a  number  of 
measurements  made  with  the  air  device  over  the  same  area  covered  by  the 
micrometer  face.  Examination  of  the  data  indicates  that  the  thickness  meas¬ 
urements  of  unetched  surfaces  by  the  micrometer  are  slightly  greater  than 
with  the  air  device.  With  etched  glass  surfaces,  however,  the  difference  be¬ 
tween  the  micrometer  measurements  and  those  with  the  air  device  is  con¬ 
siderably  greater,  particularly  where  both  sides  are  etched. 

With  enamel  and  dentin  sections,  the  thicknesses  obtained  by  air  gauge 
are  also  smaller  than  thosi'  obtained  by  micrometer.  The  larger  difference 
shown  by  dentin  compared  with  enamel  is  in  line  with  the  coarser  more  pitted 
structure  of  the  former  tissue.  The  difference  between  micrometer  and  air 


GlasK,  Series  I* 
Glass,  Series  II* 
Dentin 
Enamel 


Glass,  Series  I* 
Glass,  Series  II* 
Dentin 
Enamel 
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gauge  measurement  is  further  demonstrated  in  a  series  of  measurements  of 
various  grades  of  paper  and  other  materials,  the  results  of  which  are  reported 
in  Table  III.  It  is  apparent  that,  as  surface  roughness  (judged  by  microscopic 


Table  III 

Effect  of  Surface  Texture  on  Thickness  Measurements  by  Micrometer  Screw  Gauge 

AND  Air  Pressure  Device 


SAMPLE 

THICKNESS 

MICROMETER 

IN  MICRONS 

1  AIR  GAUGE 

DIFFERENCE 

MICROSCOPE 
,  APPEARANCE 

Magazine  page 

74 

74 

0 

Polished 

Notebook  paper 

85 

82 

3 

Smooth 

8moked  celluloid 

82 

78 

4 

Med.  smooth 

Envelope  paper 

53 

47 

6 

Med.  smooth 

Graph  paper 

93 

82 

11 

‘  Med.  rough 

Bibulous  paper 

146 

133 

13 

Very  rough 

Paper  towel 

110 

90 

20 

Ext.  rough 

600A  emery  paper 

148 

125 

'  23 

Ext.  rough 

appearance)  increases,  the  difference  between  micrometer  and  air  gauge 
measurements  also  increases.  These  findings  support  the  theoretical  considera¬ 
tions  previously  outlined  that  the  micrometer  measures  the  thickness  from 
peaks  on  the  surface  whereas  the  air  device  appears  to  average  the  peaks  and 
depressions,  thus  giving  smaller  and  more  accurate  thickness  measurements. 

SUMMARY  AND  CONCLUSIONS 

Because  of  its  small  measuring  face,  the  air  device  is  ideally  suited  for 
measuring  accurately  the  thickness  of  sections  made  from  very  small  pieces  of 
tissue  such  as  cementum,  calculus,  or  enamel,  which  must  be  embedded  in  plas¬ 
tic  before  they  can  be  sectioned.  With  the  ordinary  micrometer  screw  gauge 
whose  large  face  covers  both  the  specimen  and  its  surrounding  embedding  ma¬ 
terial,  the  thickness  measured  represents  the  maximum  thickness  of  the  area 
covered.  Such  measurements  may  not  represent  the  thickness  of  the  actual 
tissue  specimen,  particularly  on  dry  sections  where  shrinkage  of  the  embedded 
tissue  may  be  considerably  more  than  that  of  the  embedding  medium.  In 
addition,  since  the  air  device  averages  the  peaks  and  depressions  of  a  surface, 
measurements  obtained  with  it  will  be  closer  to  the  true  thickness  than  those 
obtained  with  a  screw  micrometer. 


AN  APPARATUS  FOR  THE  PREPARATION  OF  THIN  SERIAL 
SECTIONS  OF  UNDECALCIFIED  TISSUES 
BARRIE  GILLINGS  AND  MICHAEL  BUONOCORE 
Eastman  Dental  Dispensary,  Kochestcr,  N.  Y. 

INTRODUCTION 

Many  machines  have  been  described  for  preparing  undecalcified  serial 
sections  of  enamel,  dentin,  cementum,  and  calculus.^"*^  All  but  a  few 
depend  on  the  use  of  a  cutting  blade  rotating  at  high  speed,  with  some  arrange¬ 
ment  for  moving  the  specimen  into  the  blade  to  make  each  cut,  and  across  the 
blade  to  make  serial  sections,  on  somewhat  the  same  principle  as  a  bacon  slicer. 
Sections  so  obtained  are  usually  about  250  p.  thick  and  require  further  thinning 
and  polishing  before  they  can  be  used.  This  is  time  consuming  and  laborious, 
and  loss  of  parts  of  the  specimen  is  likely.  In  addition,  the  number  of  serial 
sections  that  can  be  obtained  is  obviously  severely  limited. 

The  major  problems  in  connection  wdth  obtaining  a  large  number  of  thin, 
parallel-sided,  intact,  hard  tissue  sections  are  the  elimination  of  (1)  vibration, 
(2)  eccentricity  and  wander  in  the  cutting  wheel,  and  (3)  side-to-side  move¬ 
ment  of  the  specimen  as  it  is  being  cut.  Atkinson  and  his  co-workers*"*  have 
descrilied  two  machines  designed  to  overcome  some  of  these  difficulties.  For  one 
of  these  he  used  a  high-speed  precision  lathe  as  the  basic  unit  to  help  achieve 
high  cutting  speeds  (5,000  surface  feet  or  more  per  minute)  without  excessive 
vibration.  Jansen®’  ®  descrilied  a  novel  machine  for  preparation  of  very  thin 
setvions,  but  its  use  is  limited  by  its  design  to  small  specimens.  To  incorporate 
further  refinements  in  available  sectioning  devices,  the  instrument  described  in 
this  rejKirt  was  developed. 

COMPONENTS  AND  METHOD  OF  CON.STRUCTION 

The  apparatus  shown  in  Fig.  1  and  diagrammatically  in  Fig,  2  uses  two 
main  components,  and  li,  both  of  which  are  standard  machine  shop  equipment. 
Component  A,  which  drives  the  cutting  blade,  is  marketed  as  an  external  grind¬ 
ing  machine  for  attaching  to  the  tool  slide  of  a  conventional  metal  working 
lathe.*  It  has  a  heavy-duty  ball  iK’aring  spindle  (I),  permanently  lubricated 
and  rated  at  5,000  r.ji.m.  This  is  driven  by  a  )4  electric  motor  (.2)  turning 
a  6-inch  diametm*  balanced  pulley  (.?)  at  1,780  r.p.m.  by  means  of  a  rubber 
“V”  licit.  The  size  of  the  driving  juilley  determines  the  rotational  speed  of 
the  .spindle.  A  large,  balanced  pulley  serves  to  increase  tlie  cutting  efficiency 

Received  for  publication  May  27,  IS.'iS. 

•External  Grindint?  Attachment  0153,01  B,  Soutli  Bend  I.Athe  Works,  South  Bend  22, 
Indiana. 
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FIgr.  1. — Photogrraph  of  sectioningr  machine. 


FIk-  2. — !.>ine  drawing  of  sectioning  machine. 
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of  the  blade  without  increasing  the  over-all  vibration.  Component  A  is  fixed 
by  a  mounting  bolt  (4)  and  a  locating  l)olt  on  a  section  of  steel  beam  (.5)  (9 
inches  long,  6  inches  wide,  6  inches  high),  which  is  bolted  to  a  i/^-inch  thick 
steel  plate  (6)  (12  inches  wide  and  18  inches  long),  so  that  the  spindle  axis  is 
parallel  to  the  suri'acc  of  the  base. 

Component  B  is  a  Universal  Table  which  positions  the  specimen  for  cutting 
and  also  moves  it  slowly  into  the  blade.*  It  is  made  up  of  two  lathe  cross 
slides  (7)  joined  at  the  center  by  a  graduated  plate,  and  mounted  on  a  drill 
press  base  (8).  This  component  is  mounted  on  the  steel  baseplate,  so  that  a 
4-inch  diameter  blade  fitted  to  the  spindle  just  clears  the  surface  of  the  upper 
slide.  The  upper  slide  is  adjusted  to  run  parallel  to  the  face  of  the  cutting 
blade,  and  the  lower  slide  is  set  at  right  angles  to  it.  Thus,  any  object  placed  on 
the  upper  slide  can  be  moved  .slowly  into  the  blade  and  parallel  to  it  by  turning 
the  screw  feed  of  the  upper  slide,  and  can  be  advanced  across  the  blade,  in  small 
measured  amounts,  by  turning  the  screw  feed  of  the  lower  slide.  The  upper  slide 
is  controlled  by  a  3-inch  diameter  brass  gear  wheel  {9),  which  engages  a  %-inch 
diameter  gear  wheel  attached  to  the  slow  motion  shaft  of  a  variable  speed  elec¬ 
tric  motor.  The  lower  slide  is  controlled  by  a  3-inch  diameter  graduated  wheel 
{10),  marked  wdth  125  divisions.  As  one  complete  turn  of  this  wheel  advances 
the  lower  slide  0.10  inch,  each  division  represents  an  advance  of  20  p.  A  small 
plastic  tray  {11)  is  screwed  to  the  upper  slide,  to  provide  a  working  surface  and 
to  collect  and  discharge  w’aste  coolant  through  a  small  drain  hole  {12).  The 
east  iron  belt  guard  of  the  grinder  is  modified  to  allow  the  attachment  of  a 
removable  Plexiglas  shield  {13)  to  prevent  spraying  of  the  coolant.  Both  speci¬ 
men  and  blade  are  cooled  by  a  mixture  of  detergent  and  w'ater,  delivered  by  a 
feed  pipe  {14)  which  has  two  jets,  one  on  each  side  of  the  blade  near  its  edge, 
just  above  the  point  where  the  specimen  meets  the  blade.  The  water  fiow  is 
controlled  by  a  simple  pressure  reduction  valve  attached  to  the  laboratory’  water 
supply.  The  detergent  is  supplied  to  the  water  through  a  small  venturi. 
Passage  of  water  through  the  venturi  aspirates  the  reijuired  amount  of  detergent 
into  the  stream,  and  mixes  with  it  before  reaching  the  jets.  A  small  amount  of 
dye  is  added  to  the  detergent  to  simplify  adjustments  of  the  mixing  rate.  This 
mixture  prevents  loading  of  the  cutting  blade  with  cut  material,  thus  giving 
more  constant  cutting  characteristics. 

Conventional  bonded  carborundum  blades  of  varying  diameters  and  thick¬ 
nesses  were  tried,  but,  as  other  workers  have  also  indicated,  were  found  to 
wander  erratically  while  cutting,  unless  supported  almost  to  the  cutting  edge. 
In  this  respect  the  least  objectionable  was  the  thickest  blade  tried,  a  0.015  by 
4-inch  cutting  disc,t  but  its  use  resulted  in  a  wide  cut  which  reduced  the 
number  of  serial  sections  obtainable.  Thinner  blades  of  0.012  inch,  0.010  inch, 
0.008  inch,  and  0.006  inch  in  thickness,  and  of  different  grits,  were  tried  in  an 

•Universp,!  Table  CE9,  156,  South  Bend  Lathe  Works,  South  Bend  22,  Indiana. 

t37C  150,  T4  R30,  Norton  Company,  Worcester,  Mass. 
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effort  to  minimize  this  loss,  but  wedge-shaped  sections  were  usually  obtained 
despite  every  precaution  taken.  A  copper  disc  with  a  bonded  metal  and  diamond 
powder  rim  was  found  to  be  the  most  satisfactory  cutting  blade.  The  initial 
high  cost  of  this  type  of  blade  is  more  than  offset  by  its  long  life,  its  constant 
cutting  characteristics,  its  rigidity  and  resistance  to  accidental  fracture,  the 
ease  with  which  it  can  be  made  to  run  true  on  the  spindle,  and  the  fact  that  the 
coolant  has  no  effect  on  the  bonding  of  the  grit.  In  addition,  the  cutting  edge 
is  wider  than  the  blade  body,  so  the  sides  of  the  blade  exert  no  secondary  cutting 
action.  The  blade  used  is  a  0.010  inch  thick  copper  disc  (15),  4  inches  in  di¬ 
ameter  with  %-ineh  depth  of  its  periphery’  consisting  of  metal  bonded  diamond 
powder,  which  gives  an  actual  cutting  edge  of  0.0130  inch,  after  dressing  and 
truing.*  The  blade  is  clamped  to  the  spindle  by  two  accurately  turned  brass 
plates,  2%  inches  in  diameter,  which  are  undercut  on  their  mating  surfaces,  so 
that  they  grip  the  blade  only  at  their  peripheral  Vi  inch.  This  causes  less  strain 
on  the  blade  and  thus  provides  a  more  true  running  edge.  A  timer  with  two 
electrical  outlets  is  used  to  supply  the  power  for  the  blade  and  feed  motor.! 
The  cross  slides  are  protected  against  corrosion  by  a  thin  coating  of  clear  plastic 
paint. 

A.  Method  of  Operation. — 

Although  specimens  may  be  cut  without  eml)edding,  best  results  are  ob¬ 
tained  by  mounting  the  specimen  in  Wards’  BioplasticJ  which  has  been  found 
to  be  more  satisfactory  than  methyl  methacrylate,  both  in  the  embedding  process 
and  in  cutting.  The  plastic  should  cover  the  specimen  entirely  for  about 
inch  in  order  to  support  it  while  cuts  are  being  made.  After  trimming  the 
plastic  to  block  shape,  one  face  is  smoothed  off  and  attached  by  Duco  cement 
to  a  small  piece  of  ^-inch  thick  Plexiglas  sheet  which  is  in  turn  cemented  to 
the  plastic  tray  {11)  (see  Figs.  2  and  4).  The  block  is  positioned  for  the  first 
cut  by  means  of  the  lower  slide,  the  upper  slide  is  advanced  to  bring  the  block 
close  to  the  cutting  blade,  and  the  coolant  turned  on.  The  timer  is  now  set  for 
about  5  minutes  which  automatically  starts  both  motors.  The  block  moves 
through  the  blade  until  the  cut  is  complete,  and  both  motors  turn  off.  The 
upper  slide  is  then  retracted  to  its  original  position,  the  lower  slide  advanced 
according  to  the  section  thickness  desired  and  the  operation  repeated.  At  the 
completion  of  the  cuts  the  sections  remain  attached  by  the  Duco  cement  to  the 
Plexiglas  sheet  from  which  they  are  easily  removed  with  tweezers.  The  amount 
of  advance  needed  to  produce  the  required  section  thickness  is  quickly  deter¬ 
mined  by  a  few  trial  sections.  It  will  depend  on  the  width  cut  by  the  blade,  the 
speed  of  the  disc,  the  rate  of  feed  of  the  specimen  into  the  disc,  the  rate  of  flow 
of  the  coolant  and  inherent  thread  inaecuracies§  in  the  feed  screw  of  the  low’er 
slide. 

•Type  DiT-R  metal  bond  diamond  cutoff  wheel.  4  by  0.013  by  *4  In.  bore,  body  0.010, 
D320  LlOO  M  %  In.  S,  J.  O.  Horne,  75  College  Avenue,  Rochester,  N.  Y. 

tGraylab  Timer  171,  Dlmco  Gray  Co.,  Dayton,  Ohio. 

tWards  Natural  Science  Establishment,  3000  Ridge  Road  East,  Rochester,  N.  Y. 

{This  problem  has  since  been  solved  by  a  modiflcation  in  later  models. 
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B.  Performance. — 

Sectioning  of  dentin,  cementum,  and  calculus:  To  estimate  the  section 
thickness  desired,  a  knowledjje  of  the  thickness  of  the  blade  cut  is  necessary. 
The  width  of  the  blade  cut  is  the  diflPerenee  Ix^tween  the  amount  of  the  lower 
slide  advance  and  the  thickness  of  the  section  obtained.  This  has  been  found 
from  a  large  number  of  cuts  to  average  370  ±  5  /x.  Thus,  a  400  /x  advance  of 
the  lower  slide  should  yield  sections  approximately  30  /x  thick,  which  is  the  lower 
limit  of  thickness  where  results  are  assured.  Thicker  sections  offer  no  problem; 


Pig.  3. — Diagrammatic  representation  of  blade  cutting  through  type  of  specimen  where 
wedge-shaped  section  may  occur  as  the  result  of  accumulation  of  abrasive  particles  of  harder 
enamel  in  space  between  blade  and  specimen  thereby  exerting  a  secondary  abrasive  effect  on 
the  softer  dentin. 

sections  of  40  to  50  /x  are  obtained  as  a  rule  with  a  420  /x  advance  of  the  lower 
slide.  Although  sections  resulting  from  the  same  advance  of  the  lower  slide 
may  vary  in  thickness  owing  largely  to  inherent  thread  inaccuracies  in  the  feed 
screw,  they  are  nevertheless  piano  parallel  within  5  /x,  as  shown  by  measure¬ 
ments  of  a  typical  set  of  serial  sections  from  a  bicuspid  root  (Table  I).  In 
Table  I,  the  second  column  shows  the  average  thickne.ss  obtained  from  four  to 
six  approximately  eijuidistant  measurements  about  the  circumference  of  the 
section  made  with  a  special  air  gauge  measuring  device  developed  in  our  labora¬ 
tories.  The  range  of  these  measurements  is  shown  in  the  third  column. 
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Tabi.k  I 

Skuiai.  Sk(T1<*ns  (»k  Ckmkntum — Dkntin  From  a  liUT.si>ii»  R<m)t 


SECTION 

1  MEAN  THICKNESS  | 

RANOE^ 

1 

44 

42-46 

2 

48 

48-49 

3 

41 

39-43 

4 

40 

39-42 

5 

44 

42-47 

6 

40 

38-41 

7 

42 

40-44 

8 

40 

39-42 

9 

34 

32-35 

10 

41 

39-42 

•Four  to  six  measurements  made  about  circumference  of  each  section  by  special  air  pres¬ 
sure  thickness  measuring  device. 


Fig.  4. — Metal  block  supporting  tissue  section  during  cutting. 

Sectioning  of  enamel  and  dental  restorations:  Enamel,  along  with  other 
very  hard  materials,  requires  a  slower  cutting  feed  rate  than  do  dentin  and  ce- 
mentum.  Wedge-shaped  sections  are  more  frequent  whenever  tooth  specimens 
containing  enamel  or  metallic  restorations  are  sectioned.  This  is  probably  due 
to  localized  accumulations  of  highly  abrasive  particles  of  cut  material  between 
the  side  of  the  blade  and  the  surface  of  the  section.  Under  these  circumstances 
there  is  probably  a  secondarj’  abrasive  effect  which  is  more  pronounced  on  the 
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A. 


B. 

Fig-.  5. — A,  Section  1.  Ix>ngitudinal  section  of  dentin-enamel  Junction  area  of  lower  molar 
(thickness,  80  /()• 

B,  Section  2.  Transverse  section  of  hypercementosed  root  of  lower  canine  root  (thickness, 
35  m). 
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softer  parts  of  the  specimen,  such  as  the  dentin  in  Fig.  3.  This  ean  usually  Im' 
controlled,  however,  by  the  more  liberal  use  of  coolant,  which  probably  accele¬ 
rates  the  removal  of  this  cut  material.  Specimens  containing  enamel  should  be 
oriented  so  that  the  area  under  investigation  is  cut  from  the  enamel  to  the 
dentin  to  reduce  the  risk  of  enamel  fracture  due  to  cutting  pressure.  Undam¬ 
aged  piano  parallel  sections  are  more  easily  obtained  if,  in  addition  to  the  above 
precautions,  the  section  is  supported  during  cutting  by  a  metal  block  instead 
of  the  celluloid  strip  used  by  Atkinson^  which  in  our  hands  caused  warpage  of 
the  sections.  The  block  is  heated  and  soft  wax  melted  onto  one  surface,  which 
is  then  placed  against  the  cut  face  of  the  specimen,  as  shown  in  Figs.  3  and  4. 
As  the  cut  is  made,  the  section  is  held  flat  against  the  metal  by  the  wax,  thus 
preventing  damage  by  vibration,  bending  or  water  pressure.  At  the  completion 
of  the  cut,  the  section  remains  attached  to  the  block  surface,  and  can  be  removed 
without  damage  by  washing  in  xylol.  With  this  technic,  sections  containing 
enamel  are  routinely  obtainable  at  about  100  /i,  although  sections  as  thin  as 
50  fx  have  been  produced.  Sections  containing  enamel  should  be  kept  in  water 
until  mounted,  to  prevent  warpage  of  the  plastic  or  dentin  portions  of  the  sec¬ 
tion  with  consequent  fracture  of  the  enamel  attached  to  them.  The  plastie  em¬ 
bedding  material  may  be  removed  from  the  sections  by  soaking  in  acetone  for 
a  few  minutes,  and  teasing  away  the  softened  plastie.  Utilizing  the  above 
technic,  sections  will  generally  be  piano  parallel  within  5  /i.  The  measurements 
of  a  set  of  serial  sections  containing  enamel  is  shown  in  Table  II. 


Table  II 

Serial  Sections  of  Enamel — Dentin 


SECTION 

1  MEAN  THICKNESS  | 

RANGE* 

1 

153 

151-156 

2 

148 

145-149 

3 

133 

131-136 

4 

151 

151-152 

5 

141 

137-145 

6 

155 

154-156 

7 

'  139 

136-141 

8 

133 

130-135 

9 

138 

137-141 

10 

140 

139-142 

•Four  to  six  measurements  made  about  the  circumference  of  each  section  by  special  air 
pressure  thickness  measuring  device. 


All  sections  produced  by  this  teehnic  have  a  good  surfaee  finish  and 
can  be  used  without  further  preparation  for  routine  autoradiograph,  x-ray,  or 
polarized  light  studies.  The  ver\’  fine  scratches  which  can  only  be  seen  on  micro¬ 
scopic  examination  of  a  dry  specimen  may  be  easily  and  quickly  removed  by  fine 
polishing  cloths.  Photomicrographs  of  enamel,  dentin,  cementum,  and  calculus 
sections  mounted  as  cut  by  the  machine  are  shown  in  Fig.  5. 

SUMMARY 

A  relatively  inexpensive,  easily  constructed,  and  easily  operated  apparatus 
for  the  routine  preparation  of  serial  sections  of  enamel,  dentin,  cementum,  cal- 
eulus,  and  dental  restorations  has  been  described.  The  apparatus  will  cut  rou¬ 
tinely  40  to  50  fi  sections  of  dentin,  cementum,  calculus,  and  bone,  and  100  /u. 
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sections  of  specimens  containing  enamel  and  dental  restorations.  The  sections 
obtained  are  uniform  in  thinness  to  within  about  5  fi  and  can  be  used  without 
further  preparation  for  routine  autoradiographic,  soft  x-ray,  or- polarized  light 
investigations. 

The  authors  would  like  to  thank  the  following  for  their  advice  and  assistance  in  the 
construction  of  this  apparatus:  James  O.  Horne,  manufacturers  representative;  Paul 
Pagerey,  Stanley  Kubasiewicz,  Taylor  Instrument  Co.;  Charles  Tepper,  Eastman  Kodak 
Co.;  Robert  Heinrich,  Hamco  Machines,  Inc.,  Rochester,  N.  Y.  Thanks  are  also  due  to 
Lynn  Wall  of  Eastman  Kodak  Company  for  assistance  with  the  photomicrographs. 

An  improved  version  of  this  apparatus  is  available  commercially  from  Hamco  Ma¬ 
chines,  Inc.,  99  Mt.  Hope  Ave.,  Rochester,  New  York. 
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STUDIES  ON  SALIVARIADENECTOMIZED  HUNT-IIOPPERT  CARIES- 
RESISTANT  AND  OSBORNE-MENDEL-SUSCEPTIBLE  (OMS)  RATS  . 

IV.  Effect  of  Selective  Salivariadexectomy  ox  Dental  Caries  and  Several 
Groups  of  the  Oral  Microflora 

S.  ROSEN,  L.  M.  SREEBNY,*  C.  A.  HOPPERT,  H.  R.  HUNT,  AND  E.  BACHEM 
Michigan  State  University,  Ea,st  Lansing,  Mich.,  and  University  of  Illinois,  Chicago,  III. 

IT  IS  generally  accepted  that  extirpation  of  all  of  the  major  salivary  glands  of 
certain  experimental  animals  results  in  an  increase  in  dental  caries.^'^^  How¬ 
ever,  divergent  opinions  are  found  in  the  literature  concerning  the  effects  of 
removal  of  only  specific  pair's  of  these  glands.  Cheyne,*  using  the  Hoppert- 
Webber-Canniff  (HWC)  coarse  particle  cariogenic  diet,  and  Schwartz  and 
Shaw,^^  using  a  high  sucrose  diet  showed  that  removal  of  either  the  parotids  or 
the  submaxillary  and  sublingual  glands  caused  an  increase  in  caries.  In  1954, 
Keller,  Hunt,  and  Hoppert,^®  using  the  HWC  coai'se  particle  diet,  reported  that 
Hunt-Hoppert  caries-resistant  and  caries-susceptible  rats  remained  essentially 
the  same  with  respect  to  dental  caries  development  following  removal  of  the 
parotid  ducts  and  portions  of  the  parotid  gland. t  The  results  obtained  by  these 
investigators  did  not  agree  with  those  reported  by  Cheyne’  or  Schwartz  and 
Shaw.^^ 

In  1958,  Schwartz,  Resnick,  and  Shaw,*“  were  able  to  resolve  the  contradic¬ 
tory  results  between  Keller  and  associates,'®  and  Schwartz  and  Shaw."  They 
found  a  significant  increase  in  caries  activity  in  Hunt-Hoppert  caries-resistant 
rats  fed  a  high  sucrose,  cariogenic  ration  following  parotid  duct  resection  or  pa¬ 
rotid  gland  extirpation.  There  was  no  significant  increase  in  caries  activity  in 
the  same  strain  of  rats  after  resection  of  the  parotid  duct  or  after  surgical  re¬ 
moval  of  the  parotid  glands  when  they  were  given  the  HWC  coarse  particle  diet. 
Therefore,  according  to  Schwartz,  Resnick,  and  Shaw,'®  caries  increased  in  rats 
in  the  absence  of  parotid  gland  secretions  when  they  were  fed  a  high  sucrose  car¬ 
iogenic  ration  but  not  when  given  a  coarse  particle  cariogenic  ration.  This  does 
not  agree  with  the  findings  of  Cheyne,'  who  had  shown  an  increase  in  caries  in 
rats  fed  a  coarse  particle  diet  following  removal  of  the  parotid  glands.  How¬ 
ever,  Cheyne  used  a  different  strain  of  rats,  had  only  6  control  animals,  and 
presented  no  statistical  evaluation  of  his  data. 

This  investig'ation  was  supported  by  a  research  g-rant  from  the  National  Institutes  of 
Health,  (D-367),  U.  S.  Public  Health  Service. 

Received  for  publication  May  27,  1959. 

•Present  address:  University  of  Washington.  School  of  Dentistry,  Seattle,  Washington. 
tThere  was  actually  a  small,  but  signiflcant  increase  in  resistance  to  carles  in  the  sus¬ 
ceptible  rats  following  removal  of  the  parotid  ducts.  This  is  shown  in  Table  I  of  this  publi¬ 
cation,  which  is  a  revision  of  the  data  presented  in  Table  I  of  Keller  and  associates.’*  This 
revision  was  made  from  the  raw  data  in  Keller’s  thesis.” 
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Table  I 

Caries  Time  for  Experimental  (Parotid  Ducts  Removed)  and  Colony  Controls 

(Unoperated) 

(A  revision  op  table  I,  j.  D.  RES.  33;  559,  1954) 


SUSCEPTIBLE 

1  RESISTANT 

unoperated 

CONTROL 

PAROTID  DUCTS 

REMOVED 

UNOPERATED  I 
CONTROL 

PAROTID  DUCTS 
REMOVED 

Number  of  rats 

85 

55 

160 

60 

Mean  caries  time  and  stand¬ 
ard  error 

;i8.8  ±  1.6 

50.8  ±  2.8 

479.3  ±  14.6 

434.6  ±  30.8 

“t” 

3.7* 

1.3t 

Number  of  sibships 

10 

11 

12 

12 

>rean  of  sibship  means  and 
standard  error 

39.8  ±  3.4 

53.4  ±  5.1 

487.8  ±  34.7 

440.0  ±  60.4 

“t” 

2.2t 

0.691 

•Significant:  p  <0.01. 
tSignificant:  p  <0.05. 
tNot  significant. 


The  present  invest i{;ation  was  undertaken  to  determine  the  effect  of  selective 
salivariadenectomy  on  dental  caries  and  on  several  groups  of  the  oral  microflora. 

E.XPERIMENTAL  METHODS 

IIunt-Hoppert  caries-resistant  rats  were  kept  on  a  noncariogenic  diet*  until 
about  60  days  old.  Littermates  were  divided  into  3  experimental  groups.  In 
one  group,  the  submaxillary  and  major  sublingual  glands  were  extirpated.  In 
a  second  group,  a  portion  of  the  jiarotid  ducts  was  removed  and  the  severed 
ends  ligated.  A  third  group  ivas  used  as  unoperated  controls. 

The  caries-susceptible  rats  used  in  this  experiment  were  from  a  new  line. 
The  original  llunt-IIoppert  caries-susceptible  rats  were  not  breeding  well.  An 
outcross  was  made  with  Osbome-Mendel  rats  obtained  from  the  National  Insti¬ 
tutes  of  Health.  According  to  Stephan  and  Harris,*®  these  rats  were  almost  as 
susceptible  as  the  Hunt-Hoppert  caries-susceptible  rats.  The  outcrovss  between 
these  2  lines  was  successful,  as  the  new^  line  has  been  vigorous,  has  bred  well,  and 
has  been  uniformly  caries-susceptible.  The  new  line  has  been  called  the  Os- 
bo  rne-Mendel-Susceptible  (OHS)  strain. 

The  OMS  rats  used  in  this  experiment  were  kept  on  the  noncariogenic  diet 
until  about  35  days  old.  Littermates  were  then  divided  into  two  groups;  one 
group  was  used  as  unoperated  controls  and  the  parotid  ducts  were  removed  from 
the  second  group.  The  submaxillary  and  sublingual  glands  of  OMS  rats  were 
not  removed  since  this  strain  obviously  is  close  to  the  maximum  limit  of  caries- 
susceptibility,  and  therefore  the  effects  of  this  treatment  probably  w’ould  not 
have  become  evident. 

Immediately  after  the  operations,  the  rats  w’ere  placed,  individually,  into 
w’ire-bottom  cages  and  were  given  the  Hoppert-Webber-Canniff  coarse  particle 
ration.*®  They  were  fed  and  given  water  ad  libitum. 

•Composition  of  this  diet  is  as  follows:  whole  powdered  milk,  74  per  cent;  casein.  10 
per  cent;  dried  brewer’s  yeast,  5  per  cent;  alfalfa,  10  per  cent;  *md  sodium  chloride,  1  per  cent. 
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The  “caries  time”  was  used  as  the  method  of  scoring.  This  was  the  number 
of  days  from  the  date  the  rat  was  placed  on  the  cariogenic  diet  to  the  day  dental 
caries  first  appeared  in  the  mandibular  molars.  Details  for  this  procedure  have 
been  presented  previously.^^’ 

Mierobiologic  studies  of  various  groups  of  oral  microfiora  were  made  for 
only  the  caries-resLstant  rats.  The  technic  of  sampling  has  been  reported  pre¬ 
viously.*®  Lactobacilli  were  determined  on  two  media:  (1)  Rogosa  SL  agar 
modified  slightly  by  substituting  half  of  the  glucose  with  equal  amounts  of 
sucrose  and  ara binose,  and  (2)  tomato  juice  agar  special  (TJA-Difco)  contain¬ 
ing  0.01  per  cent  sodium  azide.  A  streptococcal  count  was  made  on  crystal 
violet  azide  blood  agar.*®  The  numbers  of  coliforms  were  determined  by  the 
most  probable  number  technic,  using  lauryl  trj’ptose  broth  (LTB — Difco).  For 
miscellaneous  bacteria,  tryptone  glucose  extract  agar  (TGE-Difco),  containing 
4  per  cent  skim  milk,  was  used. 

The  experiment  w’as  terminated  when  all  of  the  animals  developed  caries. 

RESULTS 

The  data  for  the  effect  of  selective  salivariadenectomy  on  dental  caries  are 
given  in  Table  II.  The  mean  caries  time  for  the  unoperated  control  resistant 
rats  was  only  147  ±  13.1  days.*  Rats  with  the  submaxillary  and  sublingual 


Table  II 

Effect  of  Selective  Salivariadenectomy  on  Caries  Time  in  Mandibular  Molars 


MEAN 

NO. 

CARIES  TIME 

DIFFERENCE 

OF 

AND  STANDARD 

I.V  CARIES 

GROUP 

STRAIN 

RATS 

ERROR 

TIME 

Unoperated  control  Resistant  16 

Parotid  ducts  removed  Resi.stant  23 

Submaxillary  and  sub-  Resistant  16 

lingual  glands 
removed 

Uno^ierated  control  Osborne-Mendel-Suscep-  15 
tible  (QMS) 

Parotid  ducts  removed  Osborne-Mendel-Suscep-  14 
tible  (OMS) 

glands  removed  developed  caries  in  a  shorter  time  than  the  unoperated  controls. 
The  difference  of  37.7  ±  15.1  days  is  significant  at  the  2  per  cent  level.  Caries- 
resistant  rats  with  the  parotid  ducts  removed  developed  caries  73.0  +  24.4  days 
later  than  the  unoperated  controls.  The  OMS  rats  wdth  the  jiarotid  ducts  re¬ 
moved  also  had  a  longer  caries  time  than  unoperated  controls.  The  difference  of 
30.6  ±  11.3  days  is  statistically  significant.  At  first  glance,  these  results  seem 
incompatible  with  those  of  Schwartz,  Resnick,  and  Shaw*”  and  with  those  of 
Keller  and  associates.*”  These  two  gi-oups  of  ilivestigators  found  that  when 

•We  had  not  intended  to  choose  animals  with  such  a  low  resistance.  In  1953,  when  the 
18th  generation  of  resistant  rats  was  produced,  the  mean  caries  time  was  552  days.  Since 
then,  the  resistant  line  has  been  maint.'tined  without  using  selection  or  progeny  testing.  This 
has  apparently  resulted  in  a  genetic  drift  in  some  sibships  towards  the  shorter  carles  time. 
We  are  now  in  the  process  of  reconstituting  the  caries-resistance  of  this  line. 


147.0  ±  13.14 
220.0  ±  20.6 
109.3  ±  7.4 


73.0  ±  24.4  <  0.01 

37.7  ±  15.1  0.02 

110.7  ±  21.9  <  0.01 


56.5  ±  8.1 
87.1+  7.9 


30.6  ±  11.3 


0.02 
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either  the  parotid  duct  or  gland  was  removed  from  llunt-lloppert  earies-re- 
sistant  rats  given  a  coarse  particle  diet,  there  was  no  change  in  caries  cxi)e- 
rience.  However,  these  investigators  used  rats  which  had  a  higher  resistance 
to  caries  than  the  resistant  rats  used  in  our  i)resent  experiment.  Therefore, 
when  rats  witli  a  moderate  oy  extreme  susceptibility  to  caries  were  fed  a  coarse 
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particle  diet,  a  significant  increase  in  resistance  was  observed  when  the  parotid 
ducts  were  removed.  Rats  wdth  a  high  resistance  to  caries  showed  no  significant 
change  in  either  caries  time  or  caries  extent  under  similar  experimental  condi¬ 
tions.  .  One  would  not  expect  to  demonstrate  an  increase  in  caries- resistance  in 
animals  which  are  near  the  upper  limit  of  resistance.  ^ 

The  effect  of  selective  salivariadencctomy  on  several  groups  of  oral  micro¬ 
flora  of  caries-resistant  rats  is  presented  in  Fig.  1.  The  log  of  the  median  rather 
than  mean  values  was  used  to  give  a  more  accurate  representation  of  the  pop¬ 
ulation  of  the  oral  microflora.  Selective  salivariadenectomy  did  not  appreciably 
alter  the  populations  of  streptococci,  coliforms,  or  total  bacteria  counted  on  TflE 
agar.  The  numbers  of  lactobacilli  were  much  greater  in  rats  with  the  submaxil¬ 
lary  and  sublingual  glands  removed  tlian  in  either  the  control  animals  or  in  rats 
with  only  the  parotid  duets  removed.  The  rats  which  .showed  the  lowest  lacto- 
bacillus  count  were  those  with  the  i)arotid  ducts  removed. 

The  amount  of  food  and  w’ater  consumed  and  gain  in  weight  are  given  in 
Table  III.  Rats  with  the  submtixillary  and  sublingual  glands  removed  con- 
.sumed  about  as  much  food  as  the  other  groups  but  gained  the  least  weight. 
This  group  consumed  the  most  water.  Rats  with  the  parotid  ducts  removed 
consumed  about  the  same  amount  of  food  and  water  as  the  unoperated  controls, 
but  the  gain  in  weight  was  slightly  lower. 


Table  III 

Effect  of  Selective  Salivariadenectomy  on  Food  and  AVater  Conscmption  and  Weight 

IN  Caries-Resistant  Rats 


SEX 

Nl'MBER  OF 

RATS 

SI’RVIVTNG 
AFTER  40 
WEEKS 

BODY 

WEIGHT 

(GM.) 

WEIGHT 

GAIN 

(GM.) 

FOOD 

.  CONSCMED 

(gm./day) 

WATER 

CONSCMED 
(  ML./DAY ) 

Unoperated  control 

s 

5 

432 

261 

14.8 

28 

Unoperated  control 

9 

7 

269 

129 

12.3 

32 

Parotid  ducts  removed 

$ 

8 

443 

247 

14.9 

28 

Parotid  duets  removiMl 

9 

11 

269 

124 

12.0 

35 

Submaxillary  and  sublin¬ 
gual  glands  removed 

$ 

6 

351 

152 

14.2 

47 

Submaxillary  and  sublin¬ 
gual  glands  renioveil 

9 

7 

248 

105 

12.4 

38 

DISCUSSION  ' 

When  the  submaxillary  and  sublingual  glands  were  extirpated,  the  caries 
time  decreased,  the  numbers  of  oral  lactobacilli  increa.sed,  the  gain  in  weight 
was  much  less  than  in  unoperated  controls,  and  water  consumption  increased. 
These  changes  were  similar  to  those  brought  about  in  completely  .salivariadenec- 
tomized  rats.^^ 

When  the  parotid  ducts  were  removed,  the  caries  time  increased,  the  num¬ 
bers  of  lactobacilli  decreased  slightly,  and  there  was  little  or  no  change  in  weight 


Volume  38 
N  u  mber  6 


STUDIES  OF  SALIVARIADENECTOMIZED  RATS.  IV 


1171 


gain  or  water  consumption.  How  can  we  explain  this  striking  difference  be¬ 
tween  parotidectomized  and  submaxillari-sublingualectomized  rats?  The  sub- 
maxillary  and  sublingual  glands  of  rats  contribute  aliout  65  per  cent  of  the 
total  salivary  secretions.®"-  Schwartz  and  associates  have  shown  that  when  the 
I)arotid  ducts  or  glands  of  rats  are  removed,  the  submaxillary  and  sublingual 
glands  inerea.se  in  weight  by  6  to  17  per  cent."-  Current  experiments  in  our 
laboratory  show  that  the  combined  rates  of  flow  of  saliva  of  rats  with  the  parotid 
ducts  and  the  submaxillary  and  sublingual  glands  removed  exceeds  the  rate  of 
flow  of  control  rats  by  about  15  per  cent.  It  is  likely  that  the  decrease  in  caries 
experience  in  parotidectomized  rats  can  be  accounted  for  by  a  compensatory 
hypertrophy  of  the  remaining  submaxillary  and  .sublingual  glands.  This  ex¬ 
planation  applies  only  to  rats  fed  the  IIWC  cariogenic  diet. 

SUMMARY 

The  extirpation  of  the  submaxillary  and  sublingual  glands  caused  a  de¬ 
crease  in  caries  resistance  and  an  increase  in  lactobacilli.  Removal  of  the  pa¬ 
rotid  ducts  resulted  in  an  inerea.se  in  caries  resi.stance  and  a  slight  decrease  in 
the  numbers  of  lactobacilli. 
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NUTRITION  AND  CARIES 

IX.  The  IxFLi  EXCE  of  Calcium  Carbonate  ox  Rat  Caries  Induced  by  a 

Cariooexic  Diet 
L.  M.  DALDERUP 

The  Netherlands  Institute  of  Nutrition,  Amsterdam,  The  Netherlands 

The  effect  of  calcium  carbonate  on  the  extension  of  dental  caries  in 
rat  molars  has  been  studied  because  of  the  common  idea  that  calcium  should 
have  a  favorable  effect  on  the  caries  resistance  of  the  teeth.  Moreover,  a  pre¬ 
liminary  experiment  with  the  calcium  carbonate  containing  Steenbock-Black 
rickets-producing  ration  revealed  a  low  caries  incidence,  whether  vitamin  D 
had  been  added  or  not.^  It  was  therefore  considered  worth  while  to  study  the 
influence  on  dental  caries  of  a  few  of  the  constituents  of  this  diet  more  ex¬ 
tensively. 

EXPERIMENTAL  METHODS 

The  experimental  animals  used  in  this  trial  were  Wistar  strain  albino  rats, 
kno^v^l  to  be  very  caries  susceptible.  Part  of  the  animals  were  placed  on  the 
experimental  diets  at  weaning  (A-  and  C-groups),  while  a  third  series  (the 
B-groups)  was  composed  of  the  offspring  of  the  C-group  animals.  At  the  time 
of  caries  recording,  the  animals  of  Groups  A  and  B  had  reached  the  age  of  5 
months,  whereas  the  animals  of  Group  C  were  10  months  old. 


Table  I 

E.xperimental  Diets 


Hoppert,  Webber,  and  Canniff  Diet  (H.W.C.)* 


Coarse  corn  meal 

60% 

Whole  milk  powder 

30% 

Linseed  meal 

6% 

Alfalfa  meal 

3% 

NaCl 

1% 

Steenboek-Black  Diet  (St.B.)^ 

Corn  (coarsely  ground) 

40% 

Wheat  flour  (refined) 

36% 

Wheat  gluten 

20% 

CaCO, 

3% 

NaCl 

1% 

^-carotene,  20  mg.  in  olive  oil  per  kilogram  of  food. 

Vitemin  D,  2  to  4  I.U.  per  day  per  rat. _ 

•In  the  H.W.C.  CaCOj  diet,  3  per  cent  CaCO*  was  added  to  H.W.C.  ration  and  3  per 
cent  milk  powder  was  omitted. 

tin  the  St.B.  ration  witliout  CaCOa,  the  CaCOj  was  omitted  and  wheat  flour  was  Riven 
instead. 


This  study  was  supported  by  grants  from  the  "Organization  for  Applied  Scientiflc  Re¬ 
search  in  the  Netherlands  (T.N.O.)”  and  the  Foundation  “De  Drle  Llchten.” 
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The  two  experimental  diets  used  were  the  Hoppert-Webber-Canniff  coarse 
com  ration  and  the  Steenbock-Black  rickets-inducing  ration  to  which  ^'itamin 
I)  had  been  added  on  this  occasion  (Table  I).  Calcium  carbonate  was  given 
in  an  amount  of  3  per  cent  added  to  the  Hoppert-Webber-Canniff-  diet.  As 
the  Steenbock-Black®  ration  already  contains  3  per  cent  calcium  carbonate,  this 
amount  was  reduced  to  0.25  per  cent  or  omitted  to  test  its  influence. 

Caries  was  recorded  with  the  help  of  a  loupe  and  a  probe  and  was  estimated 
as  the  “caries  percentage,”  indicating  the  per  cent  of  dental  tissue  lost  by 
carious  processes.  This  method  can  be  used  for  severe  carious  molars  only 
(Luyken,  Daldemp,  Jansen^).  Wilcoxon’s®'^  test  has  been  used  for  comparing 
the  data  as  to  statistical  significance. 

RP-SULTS  AND  DISCUSSION 

Growth  of  the  animals  of  the  different  groups  varied  considerably.  The 
presence  of  calcium  carbonate  in  the  diet  reduced  markedly  the  weight  gain  of 
the  animals  on  the  Hoppert-Webber-Canniff  ration.  In  the  animals  on  Steen¬ 
bock-Black  ration  this  was  less  obvious,  but  growdh  was  poor  in  all  these  groups 
(Table  II).  The  results  of  caries  recording  are  given  in  Table  II;  the  data 
do  not  indicate  a  distinct  effect  of  the  calcium  carbonate  in  these  diets.  Curi¬ 
ously  enough,  in  one  of  the  experiments  a  significant  reduction  could  be  seen 
on  omitting  the  calcium  carbonate  supplement.  However,  there  is,  by  no  means, 
a  favorable  effect  of  the  calcium  carbonate  supplement  in  these  series  of  ob- 
serv^ations. 

The  low  caries  percentage  seen  previously  in  animals  fed  the  Steenbock- 
Black  ration  (maxilla  0.2,  mandibula  0.8)  could  not  be  confirmed.  On  the 
other  hand,  from  parallel  experiments  it  could  be  seen  that  the  amount  of 
wheat  gluten,  normally  pre.sent  in  the  Steenbock-Black  ration,  can  reduce  the 
cariogenicity  of  the  Hoppert-Webber-Canniff  ration  if  substituted  by  an  equal 
amount  of  com.  This  has  been  reported  previously  by  Luyken,  Dalderup,  and 
Jansen.^ 

In  recent  publications  it  has  been  demonstrated  that  it  is  not  so  much  the 
amount  of  calcium  in  the  diet  which  is  important  for  the  prevention  of  dental 
caries  but  the  Ca:P  ratio.  Wynn,  Haldi,  Bentley,  and  Law®  varied  the  Ca:P 
ratio  in  a  high  sucrose  diet  in  rats  by  maintaining  the  calcium  at  a  constant 
level  (0.5  per  cent),  and  varying  the  amount  of  phosphorus  by  adding  neutral 
sodium  phosphate.  On  changing  the  Ca.P  ratio  from  2  to  1,  and  0.5,  a  pro¬ 
gressive  decrease  in  caries  scores  could  be  observed.  A  Ca:P  ratio  of  0.33  had 
no  further  caries  reducing  effect.  Sobel  and  Hanok®  demonstrated  that  a 
high-Ca:low-P  (ratio  10.4)  ration  caused  higher  C03:P04  ratios  in  the  teeth 
than  a  low-Ca:high-P  diet  (ratio  0.123)  in  cotton  rats,  whereas  from  pre\’ious 
observations  it  was  known  that  teeth  with  a  high  COsiPO*  ratio  were  more 
caries  susceptible  as  predicted  from  differences  in  chemical  properties. 

More  evidence  of  the  effect  of  the  Ca;P  ratio  has  been  reported  by  Nizel 
and  his  associates^®  who  found  a  significant  decrease  in  caries  scores  in  ham¬ 
sters  when  fed  twice  as  much  phosphorus  (0.86  per  cent)  as  the  controls  (0.43 
per  cent),  with  the  calcium  meanwhile  remaining  constant. 
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Table  II 


NUMBER  OF 

WEIGHT  GAINS  (grams) 

CARIES 

ANIMALS 

PERCENTAGE 

DIET 

GROUP 

1  MALES 

1  FEMALES 

1  MALES 

FEMALES 

REMARKS 

H.W.C. 

A 

9 

8 

112 

203 

89 

135 

0.4 

27.1  r 

Litter  mates 

H.W.C.  +  < 

3%  CaCOj 

A 

8 

10 

82 

156 

77 

135 

0.25 

18.0  1 

.  Litter  mates 

H.W.C. 
H.W.C.  + 

B 

11 

9 

121 

199 

88 

125 

2.2 

27.9  f 

Young  of  corre¬ 
sponding  animals 

3%  CaCO, 

B 

7 

4 

113 

179 

83 

121 

4.4 

35.4  1 

.  of  Group  C 

H.W.C. 
H.W.C.  + 

C 

2 

6 

123 

212 

106 

133 

7.8 

48.5  ( 

Litter  mates 

3%  CaCO, 

C* 

1 

4 

112 

198 

94 

123 

2.1 

30.7  1 

St.B. 

St.B.  with- 

A 

8 

10 

34 

69 

40 

63 

2.0 

19.4  1 

Litter  mates 

out  CaCO, 

A 

8 

10 

41 

93 

47 

76 

2.4 

11.1  1 

St.B. 

St.B.  with- 

A 

8 

7 

39 

59 

29 

56 

3.4 

27.3  I 

r  Litter  mates ;  bi¬ 
lateral  tail  error 

out  CaCO, 

A* 

3 

3 

44 

71 

41 

50 

0.3 

7.2  ] 

1  0.02  (W^ilcoxon 

L  test) 

St.B. 

St.B.  with 

A 

12 

- 

87 

167 

- 

- 

0.4 

18.3  j 

[  Litter  mates 

only  0.25% 

CaCO, 

A 

10 

- 

117 

204 

- 

- 

1.2 

20.9 

1 

St.B. 

St.B.  with- 

ct 

2 

10 

51 

85 

49 

69 

3.6 

31.2 

-< 

f  Litter  mates 

out  CaCO, 

c 

2 

10 

37 

78 

42 

76 

2.9 

42.0 

1 

Microscopic  evaluation  of  the  lesions  in  nondecalcifled  sections — which  is  our  usual  evaluation 
method — has  not  been  carried  out  because  destruction  of  the  molars  was  already  too  severe. 

•High  mortality  in  this  group ;  weight  data  concern  the  animals  originally  included  in  this 
group  as  far  as  possible. 

fAnlmals  on  the  Steenbock-Black  diet  did  not  produce  litters ;  so  there  is  no  group  B. 

McClure”  recently  reported  a  favorable  effect  of  a  supplement  of  1.6  per 
cent  disodium  phosphate  (NaallPO^)  to  a  whole  wheat  flour-cerelose  diet.  The 
Ca:  P  ratio  was  ehanp^ed  by  this  means  from  0.11  to  0.05.  Supplements  of  1  per 
cent  calcium  carbonate  (CaCOg)  or  2  per  cent  disodium  phosphate  (CaHP04), 
changing  the  Ca:P  ration  to  1.57  and  0.85,  respectively,  did  not  have  any  sig¬ 
nificant  effect. 

On  the  other  hand,  Barnard  and  Johansen”  found  a  caries  reduction  of 
a  2  per  cent  dicalcium  phosphate  (CanP04)  dietary  supplement  in  the  rat, 
if  the  diet  was  moderately  or  little  cariogenic,  but  no  effect  was  seen  when 
supplemented  to  a  highly  cariogenic  diet.*  Rather  similar  are  the  obseiwations 
of  Buttner  and  Muhler,^®  who  could  not  find  a  caries-reducing  effect  of  1  and 
5  per  cent  diealcium  phosphate  (CaHP04)  dihydrate  or  calcium  pyrophos¬ 
phate  (CaaPaOr).  The  diet  employed  was  a  coarse  com  cariogenic  ration. 

Furthermore,  Constant,  Sievert,  Phillips,  and  Elvehjem^*’  obsen^ed  a 
favorable  effect  in  cotton  rats  with  a  supplement  of  calcium  carbonate  of  1 


•Ab  Ca:P  ratios  are  usually  expressed  as  ratios  of  weight  rather  than  ratios  of  atoms, 
this  supplement  would  have  somewhat  increased  the  Ca:P  ratio,  calculated  in  similar  way,  as 
did  the  authors  cited  above.  BYom  theoretical  jKtint  of  view,  however,  the  ratios  can  better 
be  expressed  as  ratios  of  atoms  or  ions. 
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per  eont  or  more.  The  eflfect  of  2  per  cent  disodinm  phospliate  proved  to  ])e  as 
good  as  ealciuni  carbonate.  A  basic  salt  mixture  also  reduced  caries;  the  mix¬ 
ture  with  calcium  had  a  l3etter  effect  than  the  one  without  calcium.  The  basic 
salt  mixture  indeed  provided  more  phosphorus,  but  the  calcium-containing  mix¬ 
ture  provided  more  calcium  than  phosphorus.  Furthermore,  an  almost  neutral 
salt  mixture  containing  more  Ca  than  P  also  reduced  caries  somewhat.  The 
total  amount  of  minerals  seemed  to  be  especially  important  in  this  large  series 
of  observations.  Moreover,  the  experimental  diet  used  played  a  role. 

At  present,  no  definite  conclusions  are  possible.  Definite  conclusions  could 
also  not  be  drawn  by  Shaw‘®  in  reviewing  the  literature,  especially  as  to  the 
data  concerning  children.  Certainly,  minerals  should  be  amply  provided  to 
prevent  caries,  but  still  the  actual  necessary  ratios  are  unknown.  Trace  ele¬ 
ments  present  in  the  other  food  constituents,  or  included  in  the  diet  by  im¬ 
purities  of  the  chemicals  used  in  the  salts  (mixtures),  may  play  a  role,  and  the 
nonmineral  part  of  the  food  given  may  require  different  mineral  supplies  to 
render  it  harmless  to  the  teeth. 


CONCLUSION 

Experiments  about  the  influence  of  calcium  carbonate  on  dental  caries  in 
rats,  produced  by  the  highly  eariogenic  Hoppert-Webber-Canniff  or  Steenbock- 
Black  rations,  did  not  give  evidence  of  a  favorable  effect  of  this  supplement  on 
the  teeth. 
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LACK  OP  SMOOTH-SURFACE  CARIES  IN  RATS  RECEIVING 
MODIFIED  STEPHAN  DIET 

JOSEPH  C.  MUHLER 

Department  of  Biochemistry,  Indiana  University  Medical  Center,  Indiana  University, 

Indianapolis,  Ind. 

STEPHAN'  described  a  diet  in  which  dental  caries  occurred  not  only  in  the 
occlusal  fissure  but  also  on  the  smooth  surfaces  of  rat  molars.  Furthermore, 
this  diet  produced  lesions  in  the  maxillary  teeth.  The  freedom  from  caries  of 
the  maxillary  teeth  when  animals  received  so-called  highly  eariogenic  diets  has 
frequently  b#^n  referred  to  previously.*'^  Since  such  diets  eliminate  the  prob¬ 
lem  of  fracture-induced  caries  and  also  induce  lesions  in  the  maxillary  arch,  a 
much  closer  simulation  to  the  lesions  knowm  to  occur  in  the  human  being  may 
result  from  the  use  of  such  diets.  In  order  to  learn  more  about  the  cariogenicity 
of  these  diets,  experiments  were  designed  in  order  to  evaluate  what  effect  the 
powdered  milk  component  has  on  caries  susceptibility  and  to  investigate  whether 
the  caries  reported  by  Stephan  might  be  the  result  of  an  over-all  vitamin  de¬ 
ficiency,  since  .such  high  levels  of  sucrose  were  used  in  his  diet. 

EXPERIMEXT.\L  METHOD 

A  total  of  90  male  weanling  Sprague-Dawley  strain  rats  were  divided 
equally  into  three  groups  according  to  their  body  weight,  and  each  group  was 
placed  on  one  of  the  three  diets  whose  compositions  are  shown  in  Table  I.  All 
of  the  animals  received  redistilled  fluoride-low  (F  =  0.05  /ig/ml.)  drinking 


Table  I 

Composition  of  Experimental  Diets 


GROUP 

DIETARY  COMPONENT 

I 

1  U  1 

Ill 

Non-fat  skim  milk  powder* 

32 

Grams  Per  Cent 

32 

Sucrose 

63 

63 

59 

Dessicated  liver  powder  t 

2 

2 

2 

Celluflourt 

3 

3 

3 

Whole  milk  powder 

- 

32 

- 

Vitamin  mixture^ 

- 

- 

4 

•Land  O’Lakes  Creamery,  Milwaukee,  Wls. 
tWilson  Nutritional  Biochemical  Co.,  Chicago,  III. 
{Chicago  Dietetic. 

8See  Muhler,  J.  C. :  J.  Nutrlt.  54;  481,  1954. 
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water  ad  libitum.  After  80  days,  they  were  sacrificed  and  their  heads  examined 
for  dental  caries  by  methods  prevdously  described.®  The  animals  were  housed 
in  pairs  in  raised  screen  cages  in  an  air-conditioned  room. 

DATA  AND  DISCI  SSION 

The  incidence  of  dental  caries  in  the  animals  receiving  the  three  different 
diets  is  seen  in  Table  II.  None  of  the  diets  produced  a  high  incidence  of  dental 
caries  and  every  lesion  which  was  present  was  found  in  the  mandibular  arch. 
Substituting  whole-milk  powder  for  non-fat  skim  milk  powder  appeared  to  in¬ 
crease  the  incidence  of  dental  caries,  although  the  difference  was  only  of  border¬ 
line  significance  (p  =  0.05).  The  cariogenic  effect  does  not  seem  to  be  explain¬ 
able  in  terms  of  a  vitamin  deficiency,  since  there  was  no  difference  in  caries  ex¬ 
perience  between  Groups  I  and  III.  The  lesions  which  did  occur  were  found 
predominantly  on  the  occlusal  surface.  Of  the  67  lesions  which  were  found 
in  the  animals  receiving  Diet  I  (modified  Stephan’s  diet),  7  lesions  could  possi¬ 
bly  have  been  classified  as  smooth  surface  lesions.  These  data  are  clearly  dif¬ 
ferent  from  the  results  reported  by  Stephan,  and  it  would  seem  of  interest  to 
learn  the  reason  for  these  discrepancies,  for  such  answetis  may  be  quite  useful 
in  answering  some  of  the’  unknown  factors  responsible  for  inducing  human 
dental  caries. 


Table  II 

Dental  Caries  Experience  and  Weight  Gain  op  the  Rats  Receiving  the  Different 

Experimental  Diets 


GROUP 

NUMBER  OF  RATS 

AT  END  OF  STUDY 

WEIGHT  GAIN 
(GM.) 

MEAN  NUMBER 

OF  LESIONS 

I 

29 

160 

2.9  ±  0.3* 

II 

28 

120 

3.8  ±  0.4 

III 

30 

159 

2.6  ±  0.3 

•standard  deviation. 


Various  differences  lietween  the  two  experiments  are  immediately  obvious. 
The  genetic  differences  between  the  two  groups  of  animals  are  of  importance. 
Previous  studies  reported  by  Stephan  and  Harris’^  have  indicated  different  rates 
of  caries  development  in  different  strains  of  rats.  Some  animals  failed  to  de¬ 
velop  any  caries  in  any  given  strain,  and  some  other  strains  were  relatively 
resistant  to  the  development  of  either  occlusal,  proximal,  or  gingival  surface 
caries.  Furthermore,  strains  called  by  the  same  name  but  obtained  from  dif¬ 
ferent  .stock  colonies,  and  which  received  dietary  components  grown  in  different 
geographic  regions,  may  differ  widely  in  susceptibility.  Some  workers  have 
even  noted  a  changing  susceptibility  to  caries  in  the  same  strain  of  animals  from 
the  same  stock  colony.®  Of  importance  may  be  the  differences  observed  between 
the  weight  gain  of  the  animals  in  this  study  and  in  those  reported  by  Stephan. 
In  Stephan’s  experiment  it  was  found  that  the  greatest  amount  of  smooth-sur¬ 
face  caries  occurred  in  individual  animals  that  failed  noticeably  to  gain  weight. 
In  our  studies,  the  individual  weight  gains  of  the  animals  in  Groups  I  and  II 
did  not  differ  significantly  enough  from  one  another  to  make  such  comparisons, 
but  in  Group  II,  where  the  mean  weight  gain  per  animal  was  less  than  in  the 
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previous  two  groups,  the  animals  which  did  not  gain  as  much  as  the  mean 
weight  of  the  group  had  less  caries  instead  of  more.  Also,  since  celluflour  w^as 
used  in  these  studies  and  not  in  those  reported  by  Stephan,^  no  valid  compari¬ 
sons  are  possible.  In  light  of  these  differences,  it  would  seem  of  major  impor¬ 
tance  for  workers  interested  in  this  field  to  study  the  comparative  development 
of  caries  under  as  nearly  identical  experimental  conditions  as  possible,  a  fact 
which  has  been  suggested  by  Stephan.® 

SUMMARY 

Weanling  rats  received  three  diets  differing  in  either  the  milk  pow^der  com¬ 
ponent  or  the  addition  of  a  vitamin  mixture.  Substituting  equal  amounts  of 
whole  milk  pow'der  for  non-fat  skim  milk  powder  increased  dental  caries,  al¬ 
though  the  difference  was  only  of  borderline  significance.  The  cariogenic  effect 
of  these  diets  does  not  appear  to  be  due  to  a  vitamin  deficiency.  None  of  the 
animals  failed  noticeably  to  gain  weight,  so  comparisons  between  failure  to  gain 
w'eight  and  dental  caries  w^as  not  possible.  The  reason  that  these  diets  did  not 
produce  smooth-surface  caries,  as  has  been  reported  by  others,  is  discussed. 
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A  MICRORADIOGRAPHIC  AND  POLARIZING  MICROSCOPIC  STUDY 

OF  SOUND  ENAMEL 

NARENDAR  NATH  SONI  AND  FINN  BRUDEVOLD 

Kastman  Dental  Dispensary,  Bochester,  N.  T.,  and  Forsyth  Dental  Infirmary  and  Harvard 
School  of  Dental  Medicine,  Boston,  Mass. 

IN  POLARIZING  microscopy  studies  of  developing  enamel,  Schmidt^  and 
others  found  that  retardation  depended  not  only  on  the  negative  (intrinsic) 
birefringence  of  the  apatite  crystals,  but  also  on  the  positive  (form)  birefrin¬ 
gence  produced  by  the  minute  spaces  between  the  crystals,  except  when  they 
were  filled  with  a  liquid  having  the  same  refractive  index  as  that  of  enamel. 
The  birefringence  of  the  organic  matrix  was  so  small  that  it  could  be  ignored. 
Cinnamon  oil,  quinoline,  and  other  oily  liquids  commonly  used  in  polarized  light 
studies  readily  imbibed  developing  enamel  but  failed  to  penetrate  into  fully 
calcified  enamel.  Therefore,  it  was  assumed  that  in  mature  enamel  inter¬ 
crystalline  spaces  had  been  eliminated  by  mineral  deposition. 

From  a  polarized  light  and  radiographic  study,  Thewlis^  concluded  that 
the  outer  portion  of  fully  developed  enamel  was  more  calcified  than  the  inner 
portion,  presumably  because  of  higher  content  of  water  and/or  organic  matter 
in  the  inner  portion.  In  this  work,  retardation  was  assessed  from  the  colors 
of  birefringence  without  employing  imbibition  liquids.  Recently,  Darling^ 
found  that  sound  enamel  adjacent  to  carious  lesions-  could  be  imbibed  if 
solutions  of  iodide  in  water  were  used  rather  than  the  hydrophobic  media 
employed  by  previous  workers.  This  suggested  that  intercrystalline  spaces 
may  be  present  in  fully  calcified  enamel  and  that  previous  failures  to  detect 
them  might  be  due  to  the  physical  properties  of  the  imbibition  liquids  which 
were  used.  This  possibility  was  investigated  in  the  present  study.  Re^  rda- 
tion  was  measured  in  outer  and  inner  portions  of  intact,  mature  enamel,  using 
different  imbibition  liquids  with  the  same  refractive  index  as  that  of  enamel, 
and  the  measurements  were  compared  with  densitometric  tracings  of  micro- 
radiographs  of  the  same  specimens. 

MATERIAL  AND  METHODS 

Ground  piano  parallel  sections,  approximately  100  p.  thick,  were  prepared 
of  intact  permanent  teeth,  according  to  a  modification  of  the  technic  described 
by  Hammarlund-Essler.*  Retardation  was  measured  in  the  superficial,  middle, 
and  inner  third  of  the  enamel  employing  a  Leitz  polarizing  microscope  equipped 

This  work  was  supported  by  U.  S.  Public  Health  Grant  D-391. 
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with  a  Berek  compensator.  In  an  attempt  to  distinguish  between  intrinsic 
and  form  birefringence,  measurements  were  obtained  while  the  specimens 
were  imbibed  in  liquids  having  different  refractive  indices.  In  addition  to 
solutions  of  iodide  in  water,  a  series  of  other  liquids  was  employed.  The 
iodide  solutions,  which  had  refractive  indices  ranging  from  1.400  to  1.680, 
were  prepared  from  a  50  per  cent  solution  of  potassium  iodide,  and  a  saturated 
solution  of  potassium  iodide  and  mercuric  iodide,  as  suggested  by  Darling.® 
Mixtures  of  these  solutions  in  different  proportions  gave  liquids  varying  in 
refractive  index  by  internals  of  0.020  as  determined  with  an  Abbe  refractom- 
eter.  The  following  medium  which  included  several  oily  or  hydrophobic  liquids 
were  also  used : 

Refractive  Index 


Distilled  water  1 .333 

Amyl  alcohol  1.400 

Glycerine  1.470 

Oil  of  cloves  1.535 

Aniline  1.586 

Cinnamon  oil  1.618 

Quinoline  1.623 

1-Bromo-naphthalene  1.658 

Di-iodomethane  1.740 


The  tooth  section  was  firot  immersed  in  a  liquid  with  a  refractive  index 
of  1.620  and  examined  by  polarized  light  with  the  g>"psum  plate  inserted  below 
the  analyzer.  With  the  section  in  the  45-degree  position,  areas  were  selected 
for  measurement  of  retardation  which  could  be  identified  and  repositioned 
with  the  aid  of  the  eyepiece  reticule.  The  intrinsic  retardations  of  these  areas 
were  determined  by  plotting  the  retardations  obtained  against  the  refractive 
index  of  the  different  imbibition  solutions  used.  ^J  he  vertex  of  the  resulting 
parabola  represented  intrinsic  retardation  while  other  points  on  the  curve 
represented  the  sum  of  negative  intrinsic  and  positive  form  retardation.  The 
intrinsic  retardations  of  different  areas  in  a  specimen  were  plotted  against 
their  depth  from  the  enamel  surface.  Areas  close  to  the  dentinoenamel  junc¬ 
tion  were  not  measured  because  of  the  irregular  direction  of  the  prisms  in 
this  region.  Retardation  readings  were  taken  in  triplicate,  the  deviation 
from  the  mean  averaging  +  2  per  cent. 

Microradiographs  were  obtained  with  an  x-ray  machine*  and  a  copper 
target  Machlett  tube  operating  at  20  kv.  and  10  Ma.  Emulsion  platest  were 
employed,  the  target  film  distance  being  10  cm.,  and  the  exposure  time  ap¬ 
proximately  10  minutes.'  The  density  of  the  plates  was  determined  with  a 
microdensitometer,j:  operated  with  a  slit  width  of  8  by  8  fi.  Quantitative 
density  readings  were  obtained  by  comparing  the  density  tracings  of  the 
specimen  with  similar  tracings  of  a  film  which  had  consecutive  steps  of  known 
density.  As  far  as  possible,  densitometric  tracings  were  obtained  through 
areas  which  had  previously  been  measured  for  retardation. 

•Picker  X-ray  Corp.,  Cleveland,  Ohio. 
tBastman  Kodak.  649-0  type. 
tKastman  Kodak,  Rochester,  N.  Y. 
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RESULTS 

Retardation  values  of  the  same  area  were  similar  when  hydrophobic 
liquids  having  different  refractive  indices  were  used,  suggesting  that  there 
was  no  penetration  into  the  enamel  by  these  liquids.  However,  with  imbibi¬ 
tion  of  different  iodide  solutions,  retardation  values  varied  slightly,  and  the 
greatest  negative  retardation  was  obtained  when  the  refractive  index  was 
1.620,  i.e.,  the  same  as  that  of  enamel.  This  is  shown  in  Fig.  1  where  typical 
retardation  values  from  one  area  of  sound  enamel  are  plotted  against  the 
refractive  index  of  the  respective  imbibition  liquids.  These  results  suggest 
that  the  iodide  solutions  were  capable  of  penetrating  into  the  minute  spaces 
present  in  sound  enamel. 

The  retardations  obtained  in  different  areas  of  six  specimens  of  intact 
enamel  imbibed  with  iodine  solution  and  quinoline,  having  refractive  indices 

REFRACTIVE  INDEX 

'  r.40  L4S  l!sO  iss  L60  IAS  170  175 

. IODIDE  SOLUTIONS 

- OILY  MEDIA 
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Pig.  1. — Retardations  of  sound  enamel  imblded  with  oily  media  and  iodide  solutions  of 
different  refractive  indices.  Retardation  values  are  plotted  against  the  refractive  index  of  the 
respecUve  imbibition  liquids. 

of  1.620  and  1.623,  respectively,  are  given  in  Table  I.  Included  also  are  the 
microradiographic  densities  of  these  areas.  In  every  specimen,  greater  neg¬ 
ative  retardation  was  obtained  with  imbibition  in  iodide  than  in  quinoline. 
The  difference  in  retardation  obtained  with  these  media  was  about  the  same  in 
the  outer,  middle,  and  inner  third  portions  of  the  enamel.  There  was  also  a 
decrease  in  retardation  from  the  surface  toward  the  dentin  with  both  media  in  all 
specimens.  There  was  considerable  difference  in  the  retardation  obtained  in  dif¬ 
ferent  sections,  resulting,  undoubtedly,  from  corresponding  differences  in  section 
thickness.  The  radiographic  density  of^  the  different  areas  within  individual 
sections  followed  an  inverse  pattern  to  that  of  retardation,  i.e.,  it  was  least  in 
the  superficial  portion  of  the  enamel  and  greatest  in  the  inner  third. 

Data  obtained  on  one  of  the  specimens  listed  in  Table  I  are  plotted  in 
Fig.  2.  The  graph  shows  good  correlation  between  the  retardation  curves 
and  the  densitometric  tracing  of  the  radiograph. 
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Table  I 

Comparison  op  Retardations  in  Different  Areas  op  Sound  Enamel  Imbibed  in  Iodide 
Solution  (R.I.,  1.620)  and  Quinoline  (R.I.,  1.623)  and  Radiographic  Densities 


NO.  OF  readings 

FROM  SURFACE  NEGATIVE  RETARDATIONS  IN  M/t  DENSITY  OF 


AGE  1 

INWARDLY  1 

IODIDE 

1  QUINOUNE 

1  MICRORADIOGRAPHS 

Superficial 

0.79 

13  years 

Middle 

266.5 

226.0 

0.82 

Inner  third 

252.0 

224.0 

0.90 

Superficial 

430.0 

346.0 

1.61 

13  years 

Middle 

417.0 

335.0 

1.71 

Inner  third 

410.0 

332.0  . 

1.75 

Superficial 

521.0 

423.0 

0.85 

26  years 

•  Middle 

488.0 

393.0 

0.95 

Inner  third 

477.0 

375.0 

0.98 

Superficial 

421.0 

320.0 

1.83 

14  years 

Middle 

416.5 

318.0 

1.95 

Inner  third 

412.5 

316.0 

2.06 

Superficial 

337.0 

294.5 

1.82 

Unknown 

Middle 

323.5 

291.0 

2.02 

Inner  third 

313.0 

286.0 

2.11 

Superficial 

436.0 

346.0 

1.43 

Unknown 

Middle 

393.0 

343.0 

1.46 

Inner  third 

386.0 

339.0 

1.54 

EXT.  SURFACE - — DE  J 


Fig.  2. — Comparison  of  retardations  of  different  areas  of  sound  enamel  (imbibition  with 
quinoline  [R.I.,  1.623]  and  iodide  solution  [R.I.,  1.620])  and  densitometic  tracing  of  the  radio¬ 
graph. 


DISCUSSION 

The  retardations  obtained  with  quinoline  imbibitions  are  in  general 
agreement  with  results  obtained  by  Cape  and  Kitchin,®  Keil,®  and  Harders- 
Steinhauser.^  Since  quinoline  did  not  imbibe  sound  enamel,  these  workers 
considered  the  retardation  to  be  synonymous  with  intrinsic  retardation.  Our 
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finding,  that  imbibition  with  iodide  solution,  having  approximately  the  same 
refractive  index  as  quinoline  (1.623),  gave  greater  retardations  suggests  that 
minute  spaces  are  present  in  sound,  fully  calcified  enamel  which  can  be  filled 
with  extraneous  solutions. 

Darling®  found  also  that  sound  enamel  could  be  imbibed  with  iodide 
solutions  and  with  water  alone,  but  his  observation  was  limited  to  enamel 
under  carious  lesions,  and  he  concluded  from  his  findings  that  the  micro¬ 
spaces  were  at  right  angles  to  the  prisms.  According  to  our  results,  micro¬ 
spaces  are  present  through  the  entire  enamel,  and  they  appear  to  be  parallel 
to  the  prisms  rather  than  at  right  angles.  If  they  were  at  right  angles  to 
the  prisms,  they  should  cause  negative  form  birefringence.  However,  since 
iodide  imbibition  increased  the  negative  retardation  it  must  have  caused 
the  elimination  of  positive  and  not  negative  form  birefringence. 

The  concept  that  spaces  exist  between  the  crystals  of  calcified  enamel 
agrees  with  current  views  on  calcification.  Deakins®  came  to  the  conclusion 
that  mineral  displaces  water  during  calcification.  However,  physical  con¬ 
siderations  suggest  that  the  process  of  crystal  formation  and  growth  can 
occur  only  as  long  as  there  is  free  passage  of  ions.  When  the  spaces  between 
the  crystals  approach  atomic  dimensions,  movement  of  ions  becomes  increas¬ 
ingly  restricted  by  charges  on  the  crystal  surfaces.®  Therefore,  calcification 
does  not  progress  beyond  a  certain  stage  and,  even  in  fully  mature  enamel, 
microspaces  are  present  which  can  be  imbibed  with  iodide  solution. 

There  is  some  evidence  in  the  literature  of  the  presence  of  a  zone  of 
hypercalcified  enamel  adjacent  to  the  dentin.  Thewlis®  observed  such  a  zone 
in  polarized  light  but  was  unable  to  detect  it  by  x-ray  examination.  KeiP® 
and  Losee  and  his  associates®®  have  also  reported  the  presence  of  this  zone. 
In  the  present  study,  numerous  densitometric  tracings  of  radiographs  failed 
to  show  increased  calcification  in  any  region  of  the-  enamel  except  at  the 
outer  surface.  The  possibility  that -the  zone  observed  at  the  dentinoenamel 
junction  may  be  an  optical  phenomenon,  therefore,  warrants  further  investi¬ 
gation. 

The  present  radiographic  tracings  are  believed  to  record  mineral  dis¬ 
tribution  more  accurately  than  those  previously  reported  in  the  literature, 
because  the  fine-grained  emulsion  employed  does  not  significantly  exaggerate 
differences  in  contrast  (Mackie  effect),  as  was  the  case  with  the  coarse¬ 
grained  films  used  in  the  past.®®  It  was  thought  that  differences  in  the  ori¬ 
entation  of  the  apatite  crystals  in  prisms  and  interprismatic  substance®  might 
invalidate  retardation  as  an  index  of  mineralization.  However,  the  excellent 
correlation  between  the  radiographic  and  polarized  light  findings  suggests 
that  the  orientation  of  the  crystals  is  sufficiently  consistentj  statistically 
speaking,  to  justify  use  of  the  polarizing  microscope  in  quantitative  studies 
of  mineralization  of  the  enamel. 


SUMMARY 

1.  The  mineralization  of  fully  calcified  sound  enamel  was  studied  in 
piano  parallel  ground  sections  using  polarized  light  and  microradiographic 
procedures. 
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2.  Different  retardation  values  were  obtained  with  the  specimens  im¬ 
bibed  in  hydrophobic  liquids  and  in  solutions  of  iodide  in  water  having  the 
same  refractive  index  as  enamel.  Retardation  varied  when  iodide  solu¬ 
tions  of  different  refractive  indices  were  used,  suggesting  the  presence  of 
minute  spaces  between  the  apatite  crystals.  The  form  birefringence  associ¬ 
ated  with  these  spaces  was  eliminated  by  imbibition  in  iodide  solution  with 
refractive  index  1.620,  but  it  was  not  affected  when  hydrophobic  liquids  were 
employed. 

3.  There  was  a  gradual  decrease  in  intrinsic  retardation  measurements, 
from  the  external  surface  to  the  inner  third  of  the  enamel. 

4.  Microdensitometric  tracings  of  the  radiographs  also  showed  a  gradual 
decrease  in  radiodensity  from  the  external  surface  to  the  dentinoenamel 
junction. 

5.  There  was  good  correlation  between  the  intrinsic  retardation  values, 
and  the  radiographic  density  of  different  areas  in  the  same  specimens. 

REFERENCES 

1.  Schmidt,  W.  J.:  Polarisationsoptische  Analyse  des  submikroskopischen  Banes  von 

Zellen  und  Geweben,  Abderhaldens  Handb.  d.  biol.  Arbeitsmethoden  Abt.  V.  Teil 
10,  435-665,  1934. 

2.  Thewlis,  .T.:  The  Structure  of  Teeth  as  Shown  by  X-ray  Examination,  Medical  Re¬ 

search  Council,  Special  Report,  No.  238,  1940. 

3.  Darling,  A.  L:  Studies  of  the  Early  Lesion  of  Enamel  Caries  With  Transmitted 

Light,  Polarized  Light  and  Radiography,  Brit.  D.  J.  101:  289,  1956. 

4.  Kammarlund-Essler,  E.:  A  Method  of  Preparing  Ground  Sections  for  Microradi¬ 

ography  and  Autoradiography,  Acta  odont.  scandinav.  13:  167,  1955. 

5.  Cape,  A.  T.,  and  Kitchin,  P.  C.:  Histologic  Phenomena  of  Tooth  Tissues  as  Observed 

Under  Polarized  Light,  With  a  Note  of  the  Roentgen-ray  Spectra  of  Enamel  and 
Dentin,  J.  Am.  Dent.  .4.  17:  193,  1930. 

6.  Keil,  A.:  tlber  den  Wandel  der  Doppelbrechung  des  Zahnschmelzes  bei  Entkalkung 

Warmeeinwirkung  und  Karies,  Ztschr.  Zellforsch.  mikr.  Anat.  22:  633,  1935. 

7.  Harders-Steinhauser,  M.:  Die  Erhartung  des  Jugendlichen  Zahnschmelzes  nach  polar- 

isationsoptischen  Untersuchungen,  Ztschr.  Zellforsch.  mikr.  Anat.  28:  274,  1938. 

8.  Deakins,  M.  J.:  Changes  in  the  Ash,  Water,  and  Organic  Content  of  Pig  Enamel 

During  Calcification,  J.  D.  Ees.  21:  429,  1942. 

9.  Sollner,  K. :  In  Electrochemistry  in  Biology  and  Medicine,  edited  by  T.  Shedlovsky, 

New  York,  1955,  John  Wiley  &  Sons,  Chapt.  3. 

10.  Keil,  A.;  Beitrage  zur  Kenntnis  der  Doppelbrechung  des  menschlichen  Zahnschmelzes, 

Ztschr.  Zellforsch.  mikr.  Anat.  25:  204,  1936. 

11.  Losee,  F.  L.,  Jennings,  W.  H.,  Lawson,  M.  E.,  and  Forziati,  A.  F.:  Microstructure  of 

the  Human  Tooth.  The  Dentinoenamel  Junction,  J.  D.  Res.  36:  911,  1957. 

12.  Barrows,  R.  S.:  Factors  Affecting  the  Recognition  of  Small,  Low-Contrast  Photo¬ 

graphic  Images,  Photo.  Science  ^  Eng.  1:  15,  1957. 


MICRORADIOGRAPHIC  AND  POLARIZED  LIGHT  STUDIES 
OF  INITIAL  CARIOUS  LESIONS 

NARENDAR  NATH  SONI  AND  FINN  BRUDEVOLD 
Eastman  Dental  Dispensary,  Rochester,  N.  Y.,  and  Forsyth  Dental  Infirmary,  Boston,  Mass. 

Microradiographic  and  polarized  light  studies  of  initial  carious 

lesions  have  shown  that  decalclficatlon  may  be  marked  In  subsurface 
enamel,  while  the  surface  appears  normal  or  nearly  normal.^  ®  In  the  affected 
subsurface  enamel,  different  zones  of  birefringence  have  been  observed  which 
have  been  attributed  to  alternating  areas  of  decalclficatlon  and  remineraliza- 
tion.^’  *  In  these  studies,  lesions  were  imbibed  in  cinnamon  oil  and  other  hydro- 
phobic  liquids. 

In  a  recent  polarized  light  study.  Darling*  found  that  imbibition  of  initial 
lesions  with  a  solution  of  iodide  in  water  gave  different  birefringence  colors 
from  those  obtained  with  hydrophobic  liquids  when  the  refractive  index  was 
the  same  as  that  of  enamel.  He  concluded  that  the  iodide  solutions  pene¬ 
trated  into  all  the  minute  spaces  present  in  the  carious  enamel,  whereas 
hydrophobic  liquids  failed  to  do  so.  It  follows  from  Darling’s  work  that 
carious  lesions  exhibit  form  birefringence  when  imbibed  in  oily  liquids  having 
the  same  refractive  index  as  enamel  and  that  the  zones  of  birefringence  seen 
under  this  condition  are  not  necessarily  indicative  of  the  amount  of  mineral 
present.  Darling  found  no  evidence  of  the  hypercalcified  zones,  reported  by 
earlier  workers,  in  lesions  imbibed  with  iodide  having  the  same  refractive  index 
as  enamel.  Neither  were  such  zones  visible  in  microradiographs. 

The  present  study  was  prompted  by  the  uncertainty  which  exists  with  re¬ 
gard  to  the  nature  of  the  morphologic  changes  occurring  in  carious  enamel.  A 
comparison  was  made  of  radiographic  densities  of  specified  areas  within  initial 
lesions  and  corresponding  retardations  measured  with  employment  of  different 
imbibition  media.  From  the  data  obtained  with  these  two  independent  methods 
of  assessing  calcification,  conclusions  were  drawn  concerning  the  demineraliza¬ 
tion  in  the  lesions. 


MATERIAL  AND  METHODS 

Ground  piano-parallel  sections,  approximately  100  p.  thick,  were  prepared 
from  30  permanent  teeth  from  Rochester,  New  York.  These  teeth  had  incipient 
carious  lesions  with  an  apparently  intact  outer  enamel.  Using  procedures  and 
imbibition  media  previously  described,^  retardation  was  measured  in  areas 
located  in  the  different  zones  of  birefringence  seen  when  the  lesions  were 

Thia  study  was  supported  by  U.S.  Public  Health  Grant  D-391. 
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imbibed  in  cinnamon  oil.  The  radiographic  densities  of  the  same  areas  were 
obtained  from  microradiographs  by  means  of  the  Eastman  Kodak  Densitom¬ 
eter,  employing  a  slit  width  of  16  by  16  /x.^  All  lesions  were  examined  micro- 
radiographically  and  four  representative  lesions  were  subjected  to  a  compre¬ 
hensive  polarizing  microscopic  study.  The  data  obtained  on  two  lesions  are 
included  in  the  present  paper. 


RESULTS 

Fig.  1,  A  shows  a  photomicrograph  of  an  initial  carious  lesion  in  a  molar 
from  a  14-year-old  patient.  The  section  was  imbibed  in  cinnamon  oil,  refrac¬ 
tive  index  1.618,  and  shows  four  of  the  zones  of  birefringence  described  by 
different  authors.^’  ®  Zone  1  at  the  border  of  the  lesion  exhibited  colors 
ranging  from  sky  blue  to  green.  Zone  2  was  a  reddish  band  next  to  Zone  1. 
Zone  3  appeared  as  a  narrow  bluish-green  line.  The  transition  from  Zone  3  to 
the  bluish-yellow  Zone  4  was  not  well  defined.  The  striae  of  Retzius  were 
clearly  visible  in  Zone  4  which  included  most  of  the  lesion.  A  fifth  zone,  de¬ 
scribed  by  many  workers  as  representing  an  area  of  complete  destruction,  did 
not  occur  in  the  present  lesion,  but  a  narrow  brownish-yellow  area  under  the 
external  surface  was  considered  desirable  to  study  and  was,  therefore,  termed 
Zone  5. 

Fig.  1,  R  is  a  photomicrograph  of  the  same  specimen  imbibed  in  a  solution 
of  potassium  iodide  and  red  mercuric  iodide  having  approximately  the  same 
refractive  index  as  that  of  cinnamon  oil  and  of  enamel  (1.620).  Compared  to 
Fig.  1,  A  there  was  a  marked  change  in  the  colors  and  the  different  zones  are 
obliterated.  Whereas  part  of  the  lesion  (Zones  2  and  5)  previously  had  posi¬ 
tive  birefringence,  the  entire  lesion  was  now  negative. 

Fig.  1,  C  shows  a  microradiograph  of  the  same  lesion.  There  is  no  visual 
evidence  of  the  zones  seen  in  Fig.  1,  A.  The  finger-like  projections  of  the  lesion 
into  the  enamel  may  be  related  to  the  Hunter-Schreger  lines.  The  striae  of 
Retizius  can  be  seen  extending  outward  into  the  radiopaque  surface  layer. 

Table  I  shows  the  retardations  obtained  in  the  different  zones  of  the  lesion 
imbibed  with  cinnamon  oil  and  iodide  with  a  refractive  index  of  1.620.  Iodide 
imbibition  consistently  gave  greater  negative  retardations  than  those  obtained 
with  cinnamon  oil.  The  maximal  “iodide”  retardation  was  found  in  sound 
enamel  and  the  surface  enamel  over  the  lesion  and  the  smallest  value  in  Zone  2. 


Table  I* 


ZONE 

RETARDATION 

IN  m/t 

CINNAMON  OIL  | 

IODIDE 

1 

-171 

-275 

2 

+  43 

-205 

3  and  4 

-161 

-285 

5 

+149 

-252 

External  enamel 

-121 

-300 

Sound  enamel 

-320 

-420 

'Retardation  of  different  zones  of  carious  enamel  imbibed  with  cinnamon  oil,  refractive 
index  1.618,  and  iodide,  refractive  index  1.620. 
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In  Fig.  2  are  plotted  the  total  retardation  values  of  the  different  zones  ob¬ 
tained  when  the  specimen  was  imbibed  in  hydrophobic  media  of  refractive  in¬ 
dices  varying  from  1,400  to  1.740.  The  ordinate  represents  retardation  and  the 


Fig:.  1. — A,  Photomicrogrraph  of  an  initial  carious  lesion,  Specimen  1,  imbibed  with  cin¬ 
namon  oil  (R.  I.  1.618).  Zones  indicated  by  numbers.  (MagmiAcation  XlOO.) 

B,  Photomicrograph  of  Specimen  1,  imbibed  with  iodide  solution  (R.  I.  1.620).  Specimen 
cracked  during  imbibition  test  (Magrniflcation  XlOO.) 

C,  Microradiograph  of  Specimen  1.  ( MagrniAcation  XlOO.) 

abscissa  the  refractive  index.  The  lowest  point  on  each  of  the  curves  indicates 
the  absence  of  form  birefringence  and,  hence,  the  refractive  index  of  enamel, 
which  by  this  method  was  found  to  be  1.620.  Straight  lines  were  obtained  for 
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Zone  2  and  normal  enamel,  indicating  that  the  imbibing  liquids  did  not  pene¬ 
trate  these  areas.  The  deduced  positive  form  retardations  for  the  external  sur¬ 
face  and  Zone  4  are  also  shown  in  the  graph. 
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Fig.  2. — Retardation  curves  of  different  zones  of  Specimen  1,  imbibed  with  oily  media  of 
different  refractive  indices.  Retardation  values  of  the  different  zones  are  plotted  against  their 
respective  refractive  indices.  For  the  external  enamel  and  Zone  4,  both  total  and  form  retarda¬ 
tions  are  charted. 
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Fig.  3. — Retardation  curves  of  different  zones  of  Specimen  1  imbibed  with  iodide  solution  of 

different  refractive  indices. 

In  Fig.  3  are  shown  the  total  retardation  values  of  Zones  1,  2,  4,  the  ex¬ 
ternal  enamel  of  the  lesion,  and  sound  enamel  when  the  specimen  was  imbibed 
in  iodide  solutions  varying  in  refractive  indices  from  1.400  to  1.680.  Contrary 
to  the  previous  findings  in  Fig.  2,  no  straight  lines,  only  curv’es,  were  obtained 
for  all  areas  studied,  suggesting  that  spacas  were  present  in  the  lesion  which 
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were  filled  by  the  iodide  solution.  More  complete  penetration  by  the  iodide  than 
by  the  oily  media  is  also  suggested  by  the  greater  iodide  retardation  values  for 
the  external  enamel,  Zone  1  and  sound  enamel. 


Figr.  4. — Comparison  of  intrinsic  retardation  of  Specimen  1  imbibed  with  iodide  soluticn  (R.  I. 
1.620)  and  densitometric  tracing  of  radiograph. 


B^g.  5. — Microradiograph  of  an  initial  carious  lesion.  Specimen  2.  (Magniflcation  XlOO. ) 

A  microdensitometric  tracing  through  the  lesion  as  indicated  by  an  arrow 
in  Pig.  1,  C,  and  retardation  measurements  of  corresponding  areas,  obtained 
with  iodide  solution  having  a  refractive  index  of  1.620,  are  depicted  in  Fig.  4. 
The  ordinate  represents  the  radiographic  density  and  intrinsic  retardation  and 
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the  abscissa  the  distance  from  the  surface  toward  the  dentin.  Both  the  density 
tracing  and  the  retardation  curves  indicate  various  degrees  of  decalcification  in 
the  lesion.  There  is  no  indication  of  hypercalcification  as  suggested  by  some 
workers. 

The  microradiograph  in  Fig.  5  shows  an  area  of  relatively  unaffected 
enamel  inside  a  lesion.  A  densitometric  tracing  of  the  microradiograph  and 
the  corresponding  intrinsic  retardation  curve  through  the  lesion  as  indicated 
by  the  arrow  in  Fig.  5  are  given  in  Fig.  6.  The  two  eun^es  do  not  correlate  as 
well  as  was  the  case  in  the  previous  lesions,  but  both  indicate  the  same  pattern 
of  decalcification. 


Fig-.  6. — Comparison  of  Intrinsic  retardation  of  Specimen  2  Imbibed  -with  iodide  solution  (R.  1. 

1.620)  and  densitometric  tracing  of  radiograph. 

DISCUSSION 

The  present  findings  confirm  the  observation  of  Darling  that  hydrophobic 
media  fail  to  imbibe  carious  enamel  and  that  the  zones  of  birefringence  observed 
with  imbibition  of  these  media  have  little  or  no  relation  to  the  amount  of 
mineral  in  the  lesion.  Iodide  solutions  appear  on  the  other  hand  to  give  com¬ 
plete  imbibition  and  to  permit  measurements  of  true  intrinsic  retardation.  This 
is  shown  by  the  good  correlation  which  was  found  between  the  intrinsic  retarda¬ 
tions  obtained  with  iodide  imbibition  and  radiographic  densities.  The  few 
deviations  in  findings  which  occurred  may  have  been  due  to  aberrations  in 


Volume  38  POLARIZED  LIGHT  STUDIES  OF  INITIAL  CARIOUS  LESION  II93 

Number  6 

crystal  orientation  which  would  affect  retardation,  but  not  x-ray  absorption. 
However,  errors  in  the  procedure,  such  as  failure  to  survey  exactly  the  same 
areas  with  the  two  methods  and  the  fact  that  larger  areas  were  measured  for 
radiographic  density  than  for  retardation,  may  also  have  contributed  to  the 
minor  discrepancies.  The  general  agreement  between  retardation  and  x-ray 
findings  leaves  little  doubt  that  polarized  microscopy,  carefully  used,  provides 
a  suitable  and  reliable  method  for  studying  enamel  caries. 

Just  as  intrinsic  retardation  relates  to  the  amount  of  mineral  present, 
form  retardation  may  relate  to  the  volume  of  spaces  between  the  crystals. 
Assuming  such  a  relation.  Darling  recently  applied  Wiener’s  formula,  which 
expresses  the  mathematical  relation  between  the  volume  of  regular  spaces  in 
a  specimen  and  the  refractive  indices  of  the  specimen  and  the  imbibition 
medium,  and  calculated  the  percentage  volume  of  spaces  in  different  areas  of  a 
carious  lesion.®  Unfortunately  this  formula  applies  only  under  certain  condi¬ 
tions.  For  example,  form  birefringence  is  known  to  increase  with  an  increase 
in  intercrystalline  spaces,  to  reach  a  maximum  when  the  volume  of  spaces  and 
crystals  is  equal,  and  then  to  decrease  upon  further  increase  in  size  of  the 
spaces.  The  pores  in  carious  enamel  may  well  vary  greatly  both  in  size,  shape, 
and  orientation  and  cause  a  form  birefringence  different  from  that  expected 
according  to  Wiener’s  formula.  Because  the  uneven  decalcifieation  and  complex 
morphologic  changes  in  carious  lesions  suggest  the  presence  of  irregular  spaces, 
the  accuracy  of  Darling’s  interesting  approach  should  be  determined  by  com¬ 
parison  with  other  methods  for  assessing  decalcification. 

The  present  findings  of  greater  decalcifieation  of  subsurface  than  surface 
enamel,  and  early  dissolution  of  the  mineral  located  in  interprismatic  substance 
and  the  striae  of  Retzius,  are  consistent  with  observations  of  others.  The  con¬ 
cept  of  several  workers  that  zones  of  hypercalcification  occur  in  carious  lesions 
could  not  be  substantiated.  In  a  carefully  executed .  study,  Gustafson®  re¬ 
cently  measured  the  microhardness  of  different  zones  in  initial  lesions  as  seen  in 
the  polarizing  microscope.  He  found  that  zones  which  exhibited  negative 
birefringence  with  imbibition  in  Canada  balsam  had  increased  hardness  com¬ 
pared  to  adjacent  zones,  and  therefore  concluded  that  the  negative  zones  were 
hypercalcified.  However,  the  hardness  of  enamel  is  not  necessarily  related  to 
its  degree  of  mineralization  as  assumed  by  Gustafson.  For  example,  an  in¬ 
crease  in  enamel  hardness  may  occur  as  a  result  of  exposure  to  fluoride.®  The 
chemical  reactions  involved  here  are  known  partly  to  convert  the  hydroxy¬ 
apatite  in  enamel  to  fluorapatite,  but  there  is  no  increase  in  mineral  concen¬ 
tration.  Radioactive  studies  have  shown  that  carious  enamel  is  particularly 
reactive  to  fluoride,^®  and  chemical  analysis  has  actually  demonstrated  greater 
concentrations  of  fluoride  in  carious  than  intact  enamel.”  There  is  no  doubt, 
therefore,  that  fluoride  originating  either  from  external  sources  or  from 
enamel  undergoing  dissolution  will  deposit  in  residual  carious  enamel  and 
that  zones  of  increased  hardness  and  increased  resistance  to  decalcification 
may  thus  be  produced.  Factors  other  than  fluoride  may  of  course  also  affect 
the  rate  of  decalcification  and  contribute  to  the  complex  morphologic  changes 
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seen  in  carious  lesions,  but  the  concept  that  zones  of  hypercalcification  are 
associated  with  the  carious  process  in  the  enamel  is  not  tenable.  Incidentally, 
if  recaleification  occurs,  as  is  claimed  by  many  workers,  it  must  be  a  process 
of  orderly  crystallization  and  not  haphazard  precipitation  of  unorientated 
crystals.  This  is  sup:gested  by  the  consistent  finding  of  similar  ciystal  orienta¬ 
tion  in  carious  and  intact  enamel.  The  latter  observation,  made  with  the 
polarizing  microscope,  demonstrates  the  vei*satility  of  this  instimment  in  caries 
research. 

SUMMARY 

1.  Plano-parallel  ground  sections  of  initial  carious  lesions  were  studied  by 
polarizing  microscopy  and  microradiography, 

2.  Different  polarizing  colors  were  observed  when  the  specimens  were 
imbibed  in  oily  media  and  in  iodide  solutions  having  the  same  refractive  index. 
Form  birefringence  could  not  be  completely  eliminated  with  oily  media  because 
of  failure  of  the  liquids  to  penetrate  the  minute  spaces  in  some  areas  of  the 
lesion.  The  watery  iodide  solutions  did  effectively  penetrate  into  the  micro¬ 
spaces  and  imbibition  of  the  specimens  with  a  solution  of  refractive  index  1.620 
permitted  quantitative  measui*ements  of  intrinsic  retardation  in  all  areas  of  the 
lesions. 

3.  Measurement  of  intrinsic  retardations  suggested  that  the  external  layer 
of  enamel  was  partially  decalcified.  The  subsurface  portion  of  the  lesions  varied 
in  decalcification  in  different  areas.  No  zones  of  hypercalcifieation  were  found 
within  the  lesions. 

4.  Microdensitometric  tracings  of  radiographs  of  the  lesions  were  carried 
out  with  a  slit  width  of  16  by  16  jit.  The  tracings  showed  a  decalcifieation 
pattern  of  the  carious  lesions,  similar  to  that  obtained  with  retardation  measure¬ 
ments. 
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SOME  AGE  CHANGES  IN  THE  PERIODONTIUM  OF  THE 
ALBINO  MOUSE 

NEVILLE  D.  GILMORE  AND  IRVING  GLICKMAN 

Ziskin  Memorial  Besearch  Laboratory,  Department  of  Oral  Pathology  and  Periodontology, 
Tufts  University  School  of  Dental  Medicine,  Boston,  Mass. 

The  mouse  has  been  used  extensively  in  dental  research,  and  the  tissues 
of  the  periodontium  have  been  described  under  a  variety  of  experimental 
conditions.  However,  little  information  is  available  regarding  the  microscopic 
appearance  of  the  periodontium  of  the  mouse  under  physiologic  conditions, 
particularly  after  the  teeth  have  reached  their  functional  antagonists,  and  as 
the  animals  increase  in  age.  This  makes  it  difficult  to  evaluate  observations 
in  the  periodontium  under  experimental  conditions. 

Cohn^  described  the  development  of  the  periodontium  of  the  mouse  up  to 
35  days  of  age.  He  also  noted  the  occurrence  of  hypercementosis  in  animals 
older  than  150  days.  Baer  and  Bemick,*  in  a  study  of  the  age  changes  in  the 
periodontium  of  the  mouse,  reported  progressive  loss  of  periodontal  tissue  and 
pathologic  periodontal  pockets  in  the  maxilla.  In  the  mandible,  pocket 
formation  was  rare.  These  authors  concluded  that  local  irritation  from  food 
debris,  rather  than  aging  per  se,  was  responsible  for  migration  of  the  epithelial 
attachment,  periodontal  pocket  formation,  and  resorption  of  the  alveolar  bone 
crest,  which  they  observed  in  old  mice.  Age  changes  in  the  periodontium  of 
the  rat  have  been  described  in  many  reports,®'*  but  the  applicability  of  such 
findings  to  the  mouse  has  not  been  established. 

Because  of  the  sparsity  of  information  regarding  the  physiologic  changes 
in  the  periodontium  of  the  mouse  with  age,  and  because  such  background  in¬ 
formation  would  be  helpful  in  future  experimentation  using  the  mouse,  the 
microscopic  study  reported  here  was  undertaken. 

MATERIAL  AND  METHODS 

Seventy-seven  virgin,  female  mice  (RAP  strain)  in  two  age  groups  were 
used:  a  young  group,  aged  from  5  weeks  to  7  months,  and  an  old  group,  aged 
from  one  year  to  16  months.  At  the  time  of  sacrifice,  the  mandible  was  removed, 
fixed  in  10  per  cent  formalin,  decalcified  by  the  formic  acid  and  sodium  citrate 
technic,  embedded  in  paraffin,  sectioned  buccolingually  through  the  molar  region, 
and  stained  with  hematoxylin  and  eosin  and  Mallory’s  connective  tissue  stain. 
Buccolingual  sections  were  used  to  evaluate  the  functional  forces  acting  on  the 
teeth,  because  tooth  response  to  function  is  less  restricted  in  the  buccolingual 
plane. 

The  report  represents  the  partial  results  of  a  study  supported  by  Grant  D-301  between 
the  National  Institutes  of  Health,  U.  S.  Public  Health  Service,  and  Tufts  University. 

Received  for  publication  June  22,  1959. 
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OBSERVATIONS 

Gross  examination  of  the  jaws  indicated  that  the  first  and  second  molars 
had  erupted  into  contact  with  their  functional  antagonists  in  the  youngest 
animals  studied  (5  weeks). 

Microscopic  Findings. — 

To  facilitate  description,  the  microscopic  findings  in  the  periodontium  will 
be  presented  under  two  headings:  (A)  eruptive  changes  which  occur  after  the 
teeth  attain  contact  with  their  functional  antagonists,  and  (B)  functional 
changes  in  response  to  buccolingual  forces. 

A.  Eruptive  changes  in  the  periodontium:  There  were  distinct  differences 
in  the  alveolar  bone  and  cementum  of  young  and  old  animals.  In  the  old 
animals  (12  to  16  months),  incremental  lines  were  present  in  the  periosteal  and 
crestal  regions  of  the  buccal  plate  (Figs.  1  and  2),  in  the  periodontal  and  crestal 
regions  of  the  lingual  plate,  and  along  the  fundus  of  the  tooth  socket.  In  addi¬ 
tion,  in  the  old  animals,  the  bone  forming  the  lingual  and  buccal  aspects  of  the 
mandibular  canal,  and  part  of  the  inferior  margin,  was  marked  by  darkly 
staining  appositional  lines  (Fig.  3).  A  large  segment  of  the  buccal  aspect  of 
the  canal  was  formed  by  bone  laid  down  in  the  fundus  of  the  socket  to  accom¬ 
modate  the  eruption  of  the  tooth. 

The  incremental  lines  seen  in  the  old  animals  were  either  absent  or  few  in 
number  in  the  5-week-old  animals,  and  increased  in  number  up  to  age  1  year,  but 
did  not  appear  to  increase  appreciably  from  age  1  year  to  16  months.  The  loca¬ 
tion  of  the  incremental  lines  in  the  alveolar  bone  was  consistent  with  tooth 
eruption  in  a  bucco-occlusal  direction  (Fig.  4).  In  the  5-week-old  animals,  the 
mandibular  canal  was  devoid  of  bone  along  most  of  its  buccal  aspect.  At  all 
age  levels,  bone  resorption  was  the  predominant  finding  along  the  length  of  the 
periodontal  surface  of  the  buccal  plate. 

Thickness  of  the  cementum  increased  with  age.  This  increase  was  greater  in 
the  cellular  cementum  in  the  apical  half  of  the  root  than  in  the  acellular 
cementum  in  the  gingival  half.  The  increase  in  cementum  was  more  pronounced 
in  the  interval  between  5  weeks  and.  7  months  than  between  12  and  16  months. 
The  cemental  apposition  resulted  in  lengthening  and,  to  a  lesser  degree,  increased 
diameter  of  the  root  as  eruption  progressed. 

Despite  the  variation  introduced  by  plane  of  section,  it  appeared  that  the 
distance  between  the  cementoenamel  junction  and  the  crests  of  the  alveolus  was 
greater  in  the  old  animals,  and  that  this  increase  did  not  result  from  pathologic 
resorption  of  the  alveolar  crests. 

The  gingival  sulcus:  In  the  erupted  tooth,  the  gingival  wall  of  the  sulcus 
is  lined  by  keratinized  oral  epithelium.  The  epithelium  extends  below  the  level 
of  the  base  of  the  sulcus,  where  it  lies  lateral  to,  and  is  contiguous  with,  the 
enamel  epithelium  (Fig.  5,  A).  The  base  of  the  sulcus  is  located  at  the  most 
coronal  level  of  the  enamel  epithelium.  With  age,  the  most  coronal  portion  of 
the  enamel  epithelium  undergoes  progressive  atrophy,  and  forms  a  thin  cuticle. 
The  location  of  the  base  of  the  sulcus  shifts  toward  the  cementoenamel  junction 
as  the  enamel  epithelium  atrophies. 
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Fig'.  3. — A,  Animal  aged  14  months.  Detailed  study  of  the  apical  area  and  mandibular 
canal  which  shows  the  pattern  of  incremental  lines  at  the  fundus  of  the  alveolus  and  around 
the  mandibular  canal.  Note  the  relationship  of  the  canal  to  the  tooth.  (Hematoxylin  and 
eosin;  orlg.  mag.  X320.) 

B,  Animal  aged  5  weeks.  Detailed  study  of  the  apical  area  and  mandibular  canal  whlcih 
shows  the  relative  absence  of  incremental  lines  at  the  fundus,  and  the  lateral  relationship  of 
the  canal  to  the  root  aa  .compared  with  old  animal  (A).  (Hematoxylin  and  eosin;  orig.  mag. 
X320.) 
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In  the  5-week-old  animals,  the  enamel  epithelium  was  located  entirely  on  the 
enamel.  With  age,  the  enamel  epithelium  proliferated  apically,  so  that  it  was 
located  partly  on  the  enamel  and  partly  on  the  cementum.  This  change  in  posi¬ 
tion  was  noted  in  a  few  animals  as  early  as  age  6  weeks,  but  was  not  the 
prevalent  finding  until  age  3  months. 

Inflammation,  in  some  degree,  was  a  constant  finding  in  the  connective  tissue 
beneath  the  base  of  the  sulcus,  associated  with  irritation  from  food  debris  and/or 
calculus.  With  isolated  exceptions,  the  inflammation  was  more  severe  in  the  old 
animals.  The  least  involvement  was  seen  in  the  youngest  animals  and  consisted 
of  scattered  leukocytes  in  the  connective  tissue,  without  extension  into  the 
epithelium.  Increased  inflammatory  involvement  was  manifested  by  accumula¬ 
tion  of  leukocytes  in  the  connective  tissue  and  migration  through  the  epithelium 
into  the  sulcus. 


Fig.  4. — Diagrajnmatic  representation  of  tooth  and  alveolar  bone  in  (A)  young  animal 
(5  weeks)  and  (£)  old  animal  (16  months)  to  illustrate  the  accumulation  of  incremental  lines 
as  the  tooth  erupts.  The  arrow  indicates  the  bucco-occlusal  direction  of  eruption. 

Changes  in  the  epithelium  accompanied  the  increase  in  inflammatory  in¬ 
volvement.  The  epithelium  proliferated  apically  and  laterally  in  the  form  of 
elongated  finger-like  projections.  Intra-epithelial  edema,  with  degeneration  and 
vesicle  formation,  were  also  observed.  Proliferation  was  at  first  confined  to  the 
enamel  epithelium  and  was  predominantly,  but  not  solely,  in  an  apical  direction. 
With  more  pronounced  inflammatory  involvement,  the  oral  epithelium  prolifer¬ 
ated  along  with  the  enamel  epithelium,  and  the  predominant  direction  of  the  pro¬ 
liferation  was  lateral.  The  gingival  inflammation  and  associated  changes  led 
to  the  formation  of  pathologic  periodontal  pockets,  which,  with  few  exceptions, 
were  observed  only  in  the  old  animals  (Fig.  5,  B).  Kesorption  of  the  crest  of 
the  alveolar  bone  was  often  observed  beneath  the  periodontal  pockets. 

In  areas  of  inflammation  in  which  the  epithelium  had  proliferated  onto  the 
root  surface,  the  cementum  adjacent  to  the  epithelium  and  for  a  considerable 
distance  apical  to  it  was  thinned  and  often  absent.  The  tooth  surface  was  eroded 
and,  in  some  instances,  the  erosion  extended  into  the  dentin.  Such  tooth 
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resorption  was  seen  mainly  on  the  lingual  surface  and  only  associated  with 
epithelial  proliferation.  Root  resorption  in  the  fonn  of  bay-like  indentations, 
often  undergoing  repair  (Fig.  1,  A),  were  irregularly  distributed  further 
apically  on  the  root  on  both  buccal  and  lingual  surfaces  at  all  age  levels,  except 
in  the  very  young  animals. 

An  occasional  finding  in  the  apical  half  of  the  periodontium  in  old  animals 
was  the  occurrence  of  small  spherical,  deeply  basophilic  cementicles,  located  in 
the  periodontal  membrane,  or  attached  to  the  surface  of  the  cementum,  or  in¬ 
corporated  into  the  cementum. 

B.  Functional  changes  in  response  to  huccolingual  forces:  Buccolingual 
sections  were  used  to  study  the  response  of  the  periodontium  to  functional 
forces,  because  of  the  relative  freedom  of  tooth  movement  in  this  direction. 


Fig.  6. — BMnctional  pattern  In  aibino  mouse.  Diagrammatic  representation  of  intermit¬ 
tent  buccolingual  tipping  action  induced  by  functionai  forces.  The  distribution  of  tension  and 
compression  of  periodontal  membrane  fibers  is  also  shown. 

At  all  ages,  the  periodontal  membrane  was  wider  in  the  crestal  third.  This 
was  more  marked  on  the  buccal  surface.  There  were  well-defined  areas  of 
pressure  and  tension  of  the  periodontal  membrane  suggestive  of  the  distribution 
of  buccolingual  functional  forces  upon  the  tooth  (Fig.  6).  Compression  of  the 
periodontal  membrane  was  observed  lingually  in  the  coronal  two  thirds  of  the 
root  (Fig,  2,  C),  and  buceally  in  the  apical  third.  Elongated  fibers,  extending 
from  the  crest  of  the  lingual  plate  to  the  cementum  in  the  direction  of  occlusal 
tooth  movement,  were  prominently  demarcated  from  the  remainder  of  the 
periodontal  membrane  (Figs.  7  and  S,  B).  Tension  of  the  fibers  occurred  in 
the  coronal  two  thirds  of  the  buccal  surface,  and  in  the  apical  third  on  the 
lingual  (Figs.  7  and  8).  In  the  apical  third  of  the  alveolus,  bone  formation 
occurred  in  the  areas  of  tension  and  bone  resorption  was  observed  in  areas  of 
compression.  In  the  gingival  two  thirds  of  the  alveolus,  the  correlation  between 
functional  force  and  bone  response  was  a  less  consistent  finding.  In  the  buccal 
plate,  bone  resorption  was  often  seen  even  in  the  presence  of  tension  of  the 
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periodontal  membrane  fibers.  In  the  lingual  plate,  bone  formation  was  the  pre¬ 
dominant  finding  in  the  crestal  portion,  and  often  extended  to  the  adjacent 
bone,  in  relation  to  periodontal  membrane  fibers  which  were  disorganized  or 
compressed.  In  many  animals,  in  both  young  and  old  groups,  in  the  coronal 
two  thirds  of  the  buccal  plate,  adjacent  to  the  periodontal  membrane,  there  was 
a  surface  layer  of  new  bone  which  was  demarcated  from  the  underlying  bone 
by  an  irregular,  deeply  staining  reversal  line,  suggesting  the  occurrence  of 
intermittent  bone  formative  and  resorptive  activity  (Fig.  2,  A). 


Fig.  7. — ^Animal  aged  5  months.  Buccolingual  survey  section  through  mandibular  first  molar. 
(Hematoxylin  and  eosin ;  orig.  mag.  X80. ) 


DISCUSSION 

The  findings  indicate  that  eruption  of  the  molars  of  the  mouse  continues 
after  initial  contact  is  made  with  functional  antagonists.  The  direction  of 
eruption  is  buceo-occlusal.  Accomodating  this  eruption,  the  buccal  plate  under¬ 
goes  resorption  along  the  periodontal  surface,  and  apposition  along  the  periosteal 
.surface;  bone  is  deposited  along  the  periodontal  surface  of  the  lingual  plate,  at 
the  crests  of  the  buccal  and  lingual  plates,  and  along  the  fundus  of  the  alveolus. 
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Cementum  is  deposited  on  the  apical  third  and,  to  a  lesser  extent,  on  the  re¬ 
mainder  of  the  root.  All  this  activity  maintains  the  physiologic  width  of  the 
periodontal  membrane  as  the  tooth  erupts. 

The  relationship  of  the  mandibular  canal  to  the  erupting  tooth  appears  to 
change  with  age.  The  distribution  of  incremental  lines  along  the  lingual  aspect 


Fig.  8. — A,  High-power  study  of  the  crest  of  the  buccal  plate  of  the  section  shown  In 
Fig.  7.  Note  that  ttie  fibers  are  elongated  but  the  surface  of  the  bone  is  resorbed.  (Hema¬ 
toxylin  and  eosin;  orig.  mag.  X840.) 

B,  High-power  study  of  the  crest  of  the  linguai  plate  of  the  section  shown  in  Fig.  7. 
Note  the  extension  of  the  pferiodontai  membrane  fibers  from  the  crest  to  the  tooth.  (Hema¬ 
toxylin  and  eosin;  orig.  mag.  X840.) 

C,  High-power  study  in  the  apicai  half  of  the  buccal  plate  of  the  section  shown  in  Fig. 
7.  Note  the  compression  of  the  periodontal  membrane  fibers  and  the  resorption  of  the  adjacent 
bone.  (Hematoxylin  and  eosin;  orig.  mag.  X840.) 

D,  High-power  study  in  the  apical  half  of  the  lingual  plate  of  the  section  shown  in  Fig. 
7.  Note  the  apparent  tension  of  the  periodontal  membrane  fibers  and  the  bone  formative 
activity  along  the  adjacent  bone.  (Hematoxylin  and  eosin;  orig.  mag.  X840.) 
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of  the  canal  suggests  that  it  moves  in  a  buccal  direction.  There  is  only  a  slight 
shift  of  the  canal  occlusally,  so  that,  as  the  tooth  moves,  the  canal  tends  to  be 
located  further  apically  in  relation  to  the  root. 

Of  interest  is  the  observation  that  the  distance  between  the  crests  of  the 
alveolus  and  the  cementoenamel  junction  is  increased  in  old  animals.  This 
suggests  that,  with  age,  the  rate  of  bone  apposition  at  the  alveolar  crests  does 
not  keep  pace  with  occlusal  eruption  of  the  tooth.  ■ 

Bucco-occlusal  tooth  eruption  with  age  has  not  been  reported  previously  in 
the  mouse.  Disto-occlusal  eruption^  and  distal  movement*  have  been  described 
based  on  findings  in  mesiodistal  sections  of  the  jaws. 

Changes  in  the  periodontium  in  response  to  functional  forces  appeared  to 
be  interrelated  with  those  associated  with  tooth  eruption.  The  effect  of  function 
was  to  induce  intermittent  buccolin^al  tipping  movement  of  the  tooth.  Based 
upon  the  distribution  of  areas  of  tension  and  compression  in  the  periodontal 
membrane,  the  location  of  the  axis  of  rotation  could  be  presumed  to  be  in  the 
root,  approximately  one  third  of  the  distance  from  the  apex.  It  is  noteworthy 
that  the  relationship  of  bone  formation  or  resorption  to  tension  or  compression 
of  periodontal  membrane  fibers  observed  consistently  in  the  apical  third  of  the 
periodontium  was  not  a  constant  finding  in  the  gingival  two  thirds. 

The  apparent  discrepancy,  often  observed  in  the  gingival  two  thirds  of  the 
periodontium,  between  the  condition  of  the  periodontal  membrane  and  the  nature 
of  the  adjacent  alveolar  bone  warrants  analysis.  The  response  of  the  perio¬ 
dontal  membrane  and  adjacent  bone  is  a  composite  one,  resulting  from  the  in¬ 
terplay  of  functional  forces  and  tooth  eruption.  It  would  appear  that  in  the 
gingival  two  thirds  of  the  periodontium,  the  tendency  to  accommodate  the 
bucco-occlusal  eruption  of  the  teeth  is  of  greater  consequence  than  the  func¬ 
tional  forces  in  determining  the  pattern  of  the  bone- activity.  As  a  result, 
resorption  of  the  buccal  plate  in  compliance  with  tooth  eruption  in  that  direc¬ 
tion  frequently  predominates,  despite  the  fact  that  the  adjacent  periodontal 
membrane  fibers  are  elongated  and  well  formed.  Similarly,  in  the  lingual 
plate,  the  fibers  between  the  cementum  and  crest  of  the  bone  are  •  generally 
elongated  in  the  direction  of  tooth  eruption.  Bone  formation  invariably  is  ob¬ 
served  in  relation  to  these  fibers.  This  is  the  expected  bone  response.  How¬ 
ever,  adjacent  to  the  underlying  periodontal  membrane,  where  the  fibers  were 
disorganized  or  compressed,  slight  bone  formative  activity  was  seen  more  often 
than  the  expected  resorption.  The  accumulated  incremental  lines  within  the 
lingual  plate  of  the  old  animals  record  past  bone  formative  activity  in  com¬ 
pliance  with  bucco-occlusal  tooth  eruption. 

Another  explanation  for  the  finding  that  compression  or  tension  of  the 
periodontal  fibers  is  not  always  accompanied  by  the  expected  bone  resorption  or 
formation  may  lie  in  the  existence  of  a  time  lag  between  the  responsiveness  of  the 
bone  and  periodontal  membrane  to  repeated  change  in  the  direction  of 
functional  forces.  The  intermittent  nature  of  the  functional  forces  is  indicated 
by  the  numerous  reversal  lines  in  the  bone,  and  the  frequent  finding  of  newly 
formed  bone  along  the  mar^n  of  a  pre-existent  resorption  concavity. 
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In  the  gingiva,  downgrowth  of  the  epithelium,  observed  in  slight  degree  as 
early  as  6  weeks,  increased  in  severity  and  frequency  of  occurrence  with  age. 
The  prevalence  and  severity  of  inflammation  also  increased  with  age.  It  is  of 
interest  to  compare  the  marked  prevalence  of  gingival  inflammation  and  fre¬ 
quency  of  periodontal  pockets  in  the  old  animals  in  this  study  with  the  rarity 
of  periodontal  pockets  and  occasional  occurrence  of  papillar\’  gingivitis  in  the 
mandibles  of  the  mice  examined  by  Baer  and  Berniek.*  Variation  in  strain 
susceptibility  or  housing  and  feeding  conditions  may  account  for  such  differ¬ 
ences  in  the  occurrence  of  gingival  inflammation  in  experimental  animals. 

Since  inflammation  was  an  almost  omnipresent  flnding,  particularly  in  the 
old  animals,  it  is  not  possible  to  determine  whether,  or  to  what  degree,  the  initial 
tendency  of  the  gingival  epithelium  to  migrate  along  the  cementum  is  at¬ 
tributable  to  aging  or  stimulation  from  local  irritation.  On  the  other  hand,  the 
proliferative  and  degenerative  epithelial  changes,  pathologic  pocket  formation, 
and  resorption  of  underlying  bone  were  so  closely  related  to  inflammation  in 
location  and  severity  as  to  discourage  any  suggestion  that  they  might  be 
physiologic  features  of  aging. 


SUMMARY 

The  microscopic  features  of  the  periodontium  of  the  albino  mouse  at 
various  age  levels  from  5  weeks  to  16  months  have  been  described. 

The  molars  of  the  albino  mouse  continued  to  erupt  in  a  bucco-occlusal 
direction  after  initial  contact  was  made  with  functional  antagonists. 

The  tendency  to  accommodate  bucco-occlusal  eruption  of  the  teeth  was  of 
greater  consequence  than  the  functional  forces  in  determining  the  structure  and 
activity  of  the  tissues  of  the  periodontium. 

The  gingival  epithelium  migrated  along  the  root  with  increasing  age.  How¬ 
ever,  because  of  the  prevalence  of  gingival  inflammation,  it  was  not  possible  to 
determine  whether,  or  to  what  degree,  the  initial  tendency  toward  epithelial 
migration  was  attributable  to  aging  or  stimulation  from  local  irritation.  Perio¬ 
dontal  pocket  formation  and  associated  resorption  of  underlying  bone  appeared 
to  be  pathologic  phenomena  rather  than  physiologic  features  of  aging. 
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THE  EFFECT  OF  EDTA  ON  THE  PATTERN  OF  CARIES 
DEVELOPMENT  AND  ITS  ASSOCIATION  WITH 
BIOLOOIC  CHANGES  IN  THE  RAT 

RACHEL  H.  LARSON 

National  Institute  of  Dental  Research,  National  Institutes  of  Health,  U.  S.  Public  Health 
‘  .  Service,  Bethesda,  Md. 

The  general  problem  of  sasceptibility  and  resistance  to  caries  still  remains 
unresolved  in  spite  of  an  increasing  body  of  evidence  dealing  with  genetic 
or  systemic  factors,  mechanical  or  physical  properties  of  the  diet,  microor¬ 
ganisms,  etc.  We  have  been  particularly  interested  in  the  apparent  specificity 
of  certain  types  of  experimental  diets  used  to  induce  caries  on  different  surfaces 
of  the  teeth  of  laboratory  animals.  A  commonly  employed  diet  for  experimental 
rat  caries  research  contains  coarse  particles  of  com  or  rice,^  which  results  in 
carious  lesions  primarily  in  the  sulci  of  molar  teeth.  A  modification  was 
formulated  in  this  laboratory,®  as  were  fine-particle  diets,®’  *  which  are  associ¬ 
ated  with  the  development  of  lesions  on  the  smooth  surfaces  of  the  teeth.  It 
has  been  shown  previously  that  the  presence  of  a  chelating  agent  EDTA  (ethyl- 
enediamine  tetraacetic  acid)  in  these  diets  increases  caries  activity.®’  ®  While 
the  mechanisms  which  account  for  this  caries-potentiating  effect  of  EDTA  are 
unknown,  the  toxic  property  of  EDTA  suggests  that  its  caries-potentiating 
effect  might  be  related,  in  part,  to  alterations  in  the  broad  biologic  systems 
within  the  animal,  in  addition  to  its  possible  local  action  within  the  oral  cavity. 
Also  of  interest  in  this  regard  is  whether  the  cariogenic  effect  of  EDTA  repre¬ 
sents  merely  an  increase  in  the  number  of  lesions  ordinarily  induced  by  the 
diets  or  if  EDTA  changes  the  caries  distribution  from  that  which  is  usually 
observed.  It  was  thought  that  a  study  of  the  distribution  and  types  of  carious 
lesions  in  rats  maintained  on  coarse-  and  fine-particle  diets  with  and  without 
EDTA  would  be  of  value  and  perhaps  throw  light  on  some  of  these  problems. 

EXPERIMENTAL  METHODS 

These  experiments  comprised  4  groups,  each  initially  containing  36  rats. 
Group  A  received  Diet  580;  Group  B,  Diet  580  plus  0.2  per  cent  EDTA;  Group 
C,  Diet  585;  and  Group  D,  Diet  585  plus  0.2  per  cent  EDTA.  Female  Sprague- 
Dawley  weanling  rats  from  the  National  Institutes  of  Health  colony  were  dis¬ 
tributed  at  random  and  housed  six  per  cage.  They  were  on  experiment  for  77 
days,  receiving  diet  and  distilled  water  ad  libitum.  Diet  580®  contained  66 

Taken  In  part  from  a  thesis  submitted  In  partial  fulfillment  of  the  requirements  for  the 
Ph.D.  degree  in  Chemistry  at  Georgetown  University,  Washington,  D.  C.,  June,  1958. 

Received  for  publication  July  27,  1969. 
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per  cent  sucrose,  32  per  cent  skim  milk  powder,  and  2  per  cent  dried  whole 
liver  substance;  Diet  585^  contained  42  per  cent  yellow  corn  grits,  30  per  cent 
whole  milk  powder,  25  per  cent  sucrose,  2  per  cent  dried  whole  liver  substance, 
and  1  per  cent  salt  mixture  No.  7.  Lesions  on  the  buecolingual,  proximal,  and 
occlusal  surfaces  were  diagnosed  as  previously  described.^  The  extensive  cavita¬ 
tion  of  the  sulci,  obvious  without  sectioning,  is  reported  herein  as  occlusal  fissure 
lesions.  In  addition,  the  teeth  were  hemisectioned  according  to  Keyes,®  and 
the  sulcal  lesions  were  enumerated.  “Sulcal  lesions”  include  the  more  obvious 
occlusal  fissure  lesions  as  well  as  the  additional  lesions  revealed  in  the  sectioned 
tooth.  Incisor  pigmentation  scores  were  determined  by  means  of  an  arbitrary 
scale  with  a  value  of  0  for  absence  of  pigmentation  and  4  the  maximum  value. 

RESULTS  AND  DISCUSSION 

The  data  in  Table  I  show  that  essentially  all  of  the  animals  developed 
caries,  and  the  pattern  of  caries  was  significantly  different  on  the  two  diets. 
The  animals  on  Diet  580  developed  significantly  more  buecolingual  (P  <  0.001) 


Table  I 

Comparison  of  Caries  on  Diets  580  and  585  With  and  Without  0.2  Per  Cent  EDTA 


DIET 

1  580 

1  580  +  EDTA  1 

585  1 

585  +  EDTA 

Number  of  animals 
Percentage  of  animals  with 

29 

14 

31 

23 

caries 

97 

100 

100 

100 

Average  number  carious 

teeth 

7.5  ±  0.50 

8.6  ±  0.67 

9.6  ±  0.24 

9.5  ±  0.36 

Average  number  proximal 

lesions 

1.9  ±  0.65 

2.2  ±  0.77 

0.2  ±  0.06 

0.4  ±  0.26 

Average  number  bucco- 
lingual  lesions 

Average  number  occlusal 

2.9  ±  0.55* 

7.0  ±  0.97 

0.1  ±  0.06* 

3.1  ±  0.63 

fissure  lesions  ■ 

Average  number  sulcal 

0.5  ±  0.16 

0.6  ±  0.35 

3.2  ±  0.28 

4.0  ±  0.36 

lesions 

7.3  ±  0.67 

10.0  ±  1.50 

16.1  ±  0.58 

15.9  +  0.73 

•P  <  0.001. 


and  proximal  (P  <  0.01)  lesions  than- those  on  Diet  585.  The  animals  on  Diet 
585  developed  significantly  more  carious  teeth  (P  <  0.001),  -  sulcal  lesions 
(P  <  0.001),  and  obvious  occlusal  fissure  lesions  (P  <  0.001)  than  those  on 
Diet  580.  A  major  change  accompanying  the  addition  of  0.2  per  cent  EDTA 
to  both  of  these  diets  was  a  highly  significant  increase  in  the  number  of  bucco- 
lingual  smooth  surface  lesions.  These  data  thus  indicate  that  EDTA  was 
particularly  conducive  to  the*  development  of  additional  buecolingual  lesions 
even  in  rats  receiving  the  coarse-particle  diet.  These  findings  are  in  agreement 
with  those  of  Shaw  and  Gupta.®  There  has  been  a  previous  report®  of  an  in¬ 
crease  in  occlusal  fissure  lesions  with  the  addition  of  0.5  per  cent  EDTA  to 
Diet  585  during  a  100-day  experiment.  However,  in  the  current  experiment, 
no  difference  in  occlusal  lesions  were  observed  with  the  addition  of  0.2  per  cent 
EDTA  to  Diet  585  for  77  days.  The  data  for  occlusal  fissure  lesions  as  compared 
to  sulcal  lesions  show  that  there  was  more  caries  activity  in  the  sulci  on  both 
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of  these  diets  than  could  be  observed  on  the  nonsectioned  teeth.  Most  studies 
on  these  diets  have  not  included  sectioning  of  the  teeth  and  few  authors  have 
reported  sulcal  lesions.  However,  our  findings  for  Diet  580  are  in  agreement 
with  a  recent  report  of  Marthaler  and  co-workers.^® 

The  average  daily  weight  gains  of  1.2  grams  per  day  on  Diet  580  and 
1.6  grams  on  Diet  585  are  significantly  different  (P  <  0.001).  The  addition 
of  0.2  per  cent  EDTA  to  each  of  these  diets  was  accompanied  by  a  reduction  in 
average  daily  weight  gain  from  1.2  to  0.5  grams  per  day  on  Diet  580  and  from 
1.6  to  1.3  grams  on  Diet  585.  Mortality  was  increased  from  19  to  61  per  cent 
on  Diet  580  and  from  14  to  36  per  cent  on  Diet  585.  In  an  earlier  study” 
it  was  shown  that  the  lower  weight  gains  of  the  EDTA  fed  rats  on  Diet  580 
were  directly  related  to  reduced  food  intake.  A  direct  correlation  between 
hemoglobin  values  and  incisor  pigmentation  scores  was  also  demonstrated  in  an 
earlier  study.^*  The  incisor  pigmentation  score  of  2.6  for  Diet  580  compared 
with  3.9  for  Diet  585  is  indicative  of  the  poorer  nutritional  state  of  the  animals 
on  Diet  580.  The  addition  of  EDTA  to  each  of  these  diets  resulted  in  scores 
of  0.0  and  1.2,  respectively,  which  are  significantly  less  than  their  controls. 


Table  II 

Comparison  of  Mortality  Rates,  Weight  Gains,  and  Incisor  Pigmentation  Scores  on 
Diets  580  and  585  With  and  Without  0.2  Per  Cent  EDTA 


DIET 

580 

585 

1  585  +  EDTA 

All  Animals 

Total  number 

36 

36 

36 

36 

Number  died  early 

7 

22 

5 

13 

Per  cent  mortality 

19 

61 

14 

36 

Average  days  on  experi- 

ment 

49 

48 

45 

52 

(range) 

Surviving  Animals 

27-66 

15-75 

.26-63 

15-69 

Average  daily  weight 

gam  (grams) 

1.2  ±  0.02 

0.5  ±  0.03 

1.6  ±  0.02 

1.3  ±  0.02 

Average  incisor  pigmen- 

tation  score 

2.6  ±  0.17 

0.0 

3.9  ±  0.04 

1.2  ±  0.17 

An  interesting  finding  was  the  extensive  caries  in  animals  which  died 
prior  to  the  end  of  the  experiment.  In  aecordanee  with  previous  observations,”’  ” 
an  exposure  period  of  21  days  at  weaning  age  is  sufficient  to  establish  a  reason¬ 
ably  reliable  caries  experience  on  these  two  diets.  Table  III  shows  the  extent 
of  caries  in  the  animals  which  died  between  21  and  76  days  on  experiment  as 
compared  with  those  which  completed  the  total  77-day  experimental  period.  It 
will  be  noted  that  in  spite  of  having  been  on  experiment  for  an  average  of  3 
weeks’  less  time,  the  nonsurviving  animals  developed  caries  equal  to,  or  greater 
than,  those  which  were  sacrificed  at  the  end  of  the  experiment.  Both  proximal 
and  buccolingual  lesions  were  more  frequent  for  both  groups  of  nonsurvivors  on 
Diet  580,  and  were  significantly  more  frequent  with  EDTA  in  the  diet.  Table 
IV  shows  the  number  of  buccolingual  lesions  per  animal  in  relation  to  the  num¬ 
ber  of  days  on  experiment.  These  results  indicate  that  the  number  of  lesions 
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Table  Ill 

Comparison  of  the  Animals  Which  Died  Early  With  Those  Which  Survived 


DIET 

580 

DIET  580  + 

EDTA 

nonsurvivor 

1  SURVIVOR 

NONSURVIVOR  ] 

SURVIVOR 

Number  of  animals 

7 

29 

21 

14 

Per  cent  with  caries 

86 

97 

100 

100 

Average  number  carious 

teeth 

7.6  ±  1.60 

7.5  ±  0.51 

10.6  ±  0.50* 

8.6  ±  0.67 

Average  number  proxi¬ 
mal  lesions 

4.0  ±  2.31 

1.9  ±  0.20 

6.2  ±  1.29* 

2.2  ±  0.77 

Average  number  bucco- 

lingual  lesions 

5.7  ±  2.25 

2.9  ±  0.55 

12.1  ±  1.50t 

7.0  ±  0.97 

Average  number  occlusal 

fissure  lesions 

0.4  ±  0.42 

0.5  ±  0.16 

0.5  ±  0.22 

0.6  ±  0.35 

Average  number  sulcal 
lesions 

7.7  ±  1.74 

7.3  ±  0.67 

1.21  ±  0.73 

10.1  ±  1.50 

Average  number  days 
on  experiment 

49 

77 

52 

77 

DIET 

585 

DIET  585  + 

EDTA 

NONSURVIVOR 

1  SURVIVOR 

NONSURVIVOR  | 

SURVIVOR 

Number  of  animals 

4 

31 

10 

23 

Per  cent  with  caries 

100 

100 

100 

100 

Average  number  carious 
teeth 

9.0  ±  0.41 

9.6  ±  0.24 

9.3  ±  0.51 

9.5  ±  0.36 

Average  number  proxi- 

mal  lesions 

0.0 

0.2  ±  0.06 

1.8  ±  1.05 

0.4  ±  0.26 

Average  number  bucco- 

lingual  lesions 

1.3  ±  0.75t 

0.1  ±  0.06 

2.7  ±  1.28 

3.1  ±  0.63 

Average  number  occlusal 

fissure  lesions 

2.5  ±  0.87 

3.3  ±  0.28 

4.0  ±  0.47 

4.0  ±  0.36 

Average  number  sulcal 

lesions 

16.3  ±  0.63 

16.1  ±  0.58 

16.3  ±  1.20 

15.9  ±  0.73 

Average  number  days 

on  experiment 

50 

77 

56 

77 

•P  <  0.05. 
tP  <  0.02. 
JP  <  0.001. 


Table  IV 

Number  op  Buccolingual  Lesions  in  Animals  Which  Survived  the  Time  Periods 

Indicated* 


NO.  DAYS  ON 

EXPERIMENT 

DIET  580 

580  EDTA 

585 

585  EDTA 

21  to  35 

0,  6 

4,  6,  7,  15 

2 

36  to  49 

2,  11,  13,  14, 

17,  24 

3 

6, 

12 

50  to  63 

0  (2),  9,  10 

5,  10,  13,  14 

0  (2) 

0 

(4),  2,  6 

64  to  76 

15 

4  (2),  10,  14, 

20,  24  (2) 

0, 

1 

Sacrificed  at  * 
77  days 

0  (10),  2  (5), 

3,  4  (3),  5 
(3),  6  (4),  7, 
8,  10 

0,  3,  6  (6),  8 
(4),  11,  16 

0  (30),  2 

0 

(6),  1  (3), 

2  (3),  3,  4 
(3),  5,  6 
(5),  12 

•If  more  than  1  animal  had  a  given  number  of  lesions,  the  number  of  animals  Is  shown 
In  parentheses. 
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do  not  relate  directly  to  the  length  of  time  on  experiment  and  also  that  the 
number  of  lesions  is  higher  for  some  of  the  nonsurviving  animals  than  for  any 
of  the  surviving  animals. 

An  increase  in  circumferential  (buccolingual  and  proximal)  lesions  was 
apparently  associated  with  changes  in  the  biologic  status  of  the  animal.  Diet 
580  was  more  conducive  to  circumferential  cavitation  than  Diet  585.  The  ani¬ 
mals  on  diets  containing  EDTA  developed  significantly  more  buccolingual  lesions 
than  rats  on  the  control  diets.  The  animals  which  died  early  developed  as  many 
or  more  circumferential  lesions  than  those  which  were  sacrificed  at  the  end  of 
the  experiment.  This  suggested  asvsociation  between  systemic  conditions,  and 
increased  caries  activity  coincides  with  some  previous  findings.  Thus,  McClure^® 
and  McClure  and  Folk*®  reported  increased  smooth  surface  caries  in  rats  de¬ 
ficient  in  lysine,  and  related  this  to  the  systemic  status  of  the  animals  rather 
than  to  direct  action  within  the  oral  cavity. 

These  findings  suggest  that  severe  disturbance  of  the  biologic  status  of  ex¬ 
perimental  animals  may  aggravate  or  intensify  the  carious  process.  Further 
information  is  necessary  to  elucidate  the  mechanisms,  direct  or  indirect,  w’hich 
modify  activity  associated  with  the  oral  administration  of  EDTA. 


SUMMARY 

The  pattern  of  dental  canes  which  developed  on  a  fine-particle  Diet  580 
was  different  from  that  of  coarse-particle  Diet  585.  The  animals  on  Diet  580 
developed  more  carious  lesions  on  the  circumferential  surfaces  and  less  of  the 
severe  occlusal  fissure  lesions  than  did  those  on  Diet  585.  A  study  of  the  hemi- 
sectioned  jaws  revealed  a  large  number  of  small  sulcal  lesions  in  the  animals  on 
both  diets  but  a  greater  number  on  Diet  585.  The  addition  of  0.2  per  cent 
EDTA  to  either  of  these  diets  was  associated  with  an  increase  in  caries  activity 
primarily  on  the  circumferential  surfaces.  The  animals  which  died  early  showed 
as  much  or  more  caries  activity,  and  in  a  shorter  period  of  time,  than  those 
which  were  sacrificed  at  the  end  of  the  experiment. 
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1.  Initiation  of  Calcification  in  Hard  Tissues. — S.  M.  Weidmann,  Bio¬ 
logical  Research  Unit,  School  of  Dentistry,  University  of  Leeds.  Earlier  work¬ 
ers  considered  the  mechanism  of  calcification  to  be  satisfactorily  explained 
by  a  precipitation  of  bone  salt  from  tissue  fiuid  locally  supersaturated  with 
bone  minerals.  It  has  been  known  for  some  time,  however,  that  the  process 
of  calcification  is  more  complex.  Studies  into  the  importance  of  organic 
matrix  for  calcification  have  recently  revolved  around  the  problem  of  epitaxy. 
According  to  this  theory,  ossification  is  stimulated  by  the  formation  of  a 
primary  seed  onto  which  bone  salt  crystallizes.  The  nature  of  the  epitactic 
mechanism  has  been  examined  from  three  viewpoints.  By  the  use  of  the 
electron  microscope,  possible  structural  relationships  between  the  collagen 
fiber  and  the  formation  of  bone  salt  crystallites  have  been  investigated. 
Changes  in  the  organic  matrix,  associated  with  the  mucopolysaccharide  con¬ 
tent  of  bone  prior  to  calcification,  have  been  observed  by  histologic  examina¬ 
tion  of  the  metachromatic  staining  properties  of  ossifying  tissue.  Studies 
made  on  the  phosphate  metabolism  of  epiphyseal  cartilage  have  indicated  a 
close  relationship  between  adenosine  triphosphate  metabolism  and  the  incor¬ 
poration  of  P®*  into  newly  deposited  bone  salt,  which  can  be  best  explained 
by  assuming  that  adenosine  triphosphate  is  concerned  with  the  seeding  mech¬ 
anism.  By  this  approach,  it  is  hoped  to  elucidate  the  nature  of  epitactic  seed, 
to  determine  whether  it  is  solely  characteristic  of  the  collagen  fiber,  or 
whether  it  needs  to  be  associated  with  mucopolysaccharide  or  some  phosphate 
compound  before  the  matrix  is  rendered  epitactic. 

2.  Oxidative  Enzyme  Systems  in  Ossifying  Cartilage. — R.  G.  Whitehead, 
Biological  Research  Unit,  School  of  Dentistry,  University  of  Leeds.  Studies  on 
the  in  vivo  metabolism  of  adenosine  triphosphate  indicated  the  importance 
of  oxidative  enzyme  systems  in  the  calcification  of  cartilage.  Recently,  using 
histochemical  technics,  it  has  been  shown  that  calcifying  cartilage  possesses 
both  dehydrogenase  and  cytochrome  oxidase  systems  which  are  present  pre¬ 
dominantly  in  the  hypertrophic  zone.  Biochemical  investigations  showed,  a 
much  greater  respiratory  activity  in  ossifying  cartilage  compared  with  non¬ 
ossifying  articular  cartilage.  The  respiration  was  cyanide  sensitive.  Carti¬ 
lage  was  subsequently  shown  to  contain  isocitric  dehydrogenase,  a-oxoglutarate 
oxidative  decarboxylase,  succinic  dehydrogenase,  malic  dehydrogenase,  and 
the  condensing  enzyme.  The  results  indicated  that  the  Krebs’  cycle  was 
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operative  as  an  entity  in  cartilage  cells.  The  in  vivo  synthesis  of  adenosine 
triphosphate,  measured  by  P®*  incorporation,  was  inhibited  by  2:4  dinitro- 
phenol  and  parathormone,  thus  indicating  the  importance  of  oxidative  phos¬ 
phorylation  in  cartilage.  The  reduced  synthesis  of  adenosine  triphosphate 
subsequently  resulted  in  a  decreased  incorporation  of  isotope  into  bone  salt. 
These  findings  demonstrate  that  endochondral  calcification  cannot  be  regarded 
solely  as  a  product  of  anaerobic  glycolysis.  It  seems  probable  that  oxidative 
phosphorylation  is  of  at  least  equal  importance. 

3.  JUixeral-Fiber  Relationships  in  the  Development  of  Bone,  Dentine, 
AND  Enamel. — F.  G.  E.  Pautard,  Department  of  Biomolecular  Structure,  Uni¬ 
versity  of  Leeds.  Prevailing  concepts  of  calcification  in  bone  and  dentine  in¬ 
volve  a  close  periodic  association  between  collagen  fibers  and  mineral  crystal¬ 
lites,  wdth  emphasis  on  the  specific  nucleation  of  the  inorganic  component  on 
the  so-called  interband  of  fibers  with  a  macroperiod  of  about  640  A.  Low- 
angle  x-ray  scattering  studies,  and  electron  micrographs,  how^ever,  indicate  a 
crystallite  of  an  average  length  of  about  220  A,  corresponding  to  one  third 
the  macroperiod.  Our  experiments,  based  on  electron  micrographs  of  thin 
sections  of  undecalcified  tissues  correlated  with  x-ray  and  electron-diffraction 
studies,  suggest  that  early  calcification  appears  to  proceed  by  encasing  ex¬ 
tremely  fine  filaments  with  mineral  salts  to  give  beaded  threads  of  fusiform 
crystallites  with  a  periodicity  of  about  215  A.  In  dentine,  a  labyrinthine  ar¬ 
rangement  of  beaded  arrays,  ranging  from  scarcely  visible  particles  to  dense 
fused  rods,  can  be  seen,  w'hile,  in  endochondral  ossification  in  fetal  bone,  calci¬ 
fication  is  shown  as  the  progressive  coalescence  of  many  spherical  islands  of 
random  netw^orks  of  dense  filaments.  The  suggestion  is  put  forward  that 
calcification,  in  the  early  stages  at  least,  might  take  place  by  local  epitaxy 
at  a  fiber  period  of  215  A,  on  filaments,  perhaps  of  immature  collagen,  of 
molecular  dimensions.  A  similar  plan  of  precipitation  on  very  thin  filaments 
is  considered  for  enamel  and  the  differences  between  the  development  of  den¬ 
tine  and  enamel  are  discussed. 

4.  Uptake  of  Radioactive  Calcium  by  the  Skull  and  Teeth  in  Growing 
Rats. — A.  D.  Dixon,  Department  of  Anatomy,  University  of  Manchester. 
Thirty  rats  w’ere  injected  intraperitoneally  with  2.5  to  10  /ic  per  100  grams  of 
body  weight  of  radioactive  calcium  (Ca^®).  The  age  of  the  animals  ranged 
from  birth  to  62  days  and,  in  addition,  several  pregnant  rats  were  injected 
to  obseiwe  the  uptake  of  Ca*®  by  the  fetal  skull  and  teeth.  Animals  were 
killed  30  minutes  to  77  days  after  injection,  some  animals  receiving  a  second 
dose  of  Ca^®  12  hours  before  death.  Serial  contact  autoradiographs  were 
made  from  the  bones  on  orthochromatic  film  in  the  coronal,  sagittal,  and  hori¬ 
zontal  planes.  Uptake  of  Ca*®  is  extremely  rapid  and  is  accurately  confined 
to  bones  and  teeth,  satisfactory  autoradiographs  being  obtained  from  animals 
killed  30  minutes  after  injection.  In  pregnant  rats,  the  isotope  was  trans¬ 
ferred  across  the  placenta  to  the  fetal  bones  and  dental  tissues.  In  the  skull, 
areaiS  of  periosteal  deposition  on  the  outer  aspect  of  the  vault  and  jaws  show 
in  sharp  contrast  to  areas  of  relative  inactivity  on  internal  surfaces.  The 
high  concentration  of  isotope  in  suture  zones  of  the  cranial  base  and  the  man¬ 
dibular  condyle  emphasizes  the  importance  of  these  regions  in  growth  in 
length  of  the  skull  and  mandible,  respectively.  Ca*®  is  taken  up  by  all  the 
dental  tissues,  the  concentration  being  greatest  in  the  incisor  dental  pulp.  In 
relation  to  the  roots  of  cheek  teeth,  the  pattern  of  uptake  by  the  bone  of  the 
sockets  suggests  that  these  teeth  migrate  in  an  outward  direction  as  the  jaws 
increase  in  width. 
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5.  Mitosis,  Change  in  Cell  Dimension,  and  “Recruitment”  as  Fac^tors 
IN  Growth  of  the  Internal  Enamel  Epitheijum. — .1.  H.  Ten  Cate,  London 
Hospital  Medical  College.  Butler  (Biol.  Rev.  31:  30,  1956)  ha.s  presented  evi¬ 
dence  to  show  that  the  determination  of  crown  pattern  depends  upon  the 
inherent  growth  pattern  of  the  internal  enamel  epithelium.  The  grow'th  of 
the  internal  enamel  epithelium  in  the  human  tooth  germ  has  been  investigated 
and  it  has  been  shown  that  at  least  three  factors  are  involved:  (1)  mitotic 
division  of  the  internal  enamel  epithelium  cells,  (2)  increase  in  size,  and  (3) 
recruitment  from  the  cells  of  the  stratum  intermedium.  The  occurrence  of 
tnitotic  figures  in  the  cells  of  the  internal  epithelium  has  been  plotted  in  ten 
tooth  germs  and  no  significant  differences  in  distribution  were  found.  This 
applied  to  both  single  and  multicuspid  teeth.  Changes  in  cell  dimension  of 
the  internal  enamel  epithelium  cells  have  been  measured  and  it  has  been 
shown  that  there  is  an  increase  of  200  to  300  per  cent  in  width  from  the 
morphogenetic  to  formative  stage  in  their  life  cycle.  Cells  of  the  stratum 
intermedium  in  varying  stages  of  apparent  insinuation  between  the  cells  of 
the  internal  enamel  epithelium  have  been  found.  Some  of  these  insinuating 
cells  were  in  mitosis.  Counts  have  shown  a  gradual  reduction  in  the  number 
of  insinuating  cells  as  development  proceeds  with  complete  absence  between 
ameloblasts  which  have  commenced  to  elaborate  enamel  matrix. 

6.  The  Development  op  the  Gingival  Epithelium  in  the  Monkey. — 
W.  D.  McHugh,  Department  of  Dental  Surgery,  University  of  Birmingham. 
At  the  end  of  enamel  maturation,  the  reduced  enamel  epithelium  consists  of 
an  outer  layer  of  irregular  cells  and  a  layer  of  shortened  ameloblasts.  As 
eruption  brings  this  enamel  epithelium  close  to  the  oral  epithelium,  mitotic 
figures  appear  in  the  outer  layer.  This  then  proliferates  rapidly  and  fuses 
with  the  oral  epithelium.  Simultaneously,  the  shortened  ameloblasts  degen¬ 
erate.  Processes  from  the  oral  epithelium  now  grow  down  on  the  connective 
tissue  aspect  of  the  enamel  epithelium  and  fuse  with  the  active  irregular  cells 
of  the  outer  layer  to  form  a  gingival  “cuff.”  When  the  tooth  first  reaches 
functional  occlusion,  this  “cuff”  has  usually  reached  about  one  fourth  of 
the  distance  from  the  gingival  crest  to  the  cemento-enamel  junction.  It  con¬ 
tinues  to  proliferate  apically,  still  fusing  with  the  outer  layer  of  the  enamel 
epithelium,  and  the  tip  reaehes  the  cemento-enamel  junction  2  to  4  years  after 
eruption.  As  it  grows,  the  inner  layers  of  the  enamel  epithelium,  coronal  to 
its  advancing  tip,  degenerate  and  become  compressed  to  form  the  “secondary 
enamel  cuticle.”  This  “secondary  cuticle”  does  not  appear  to  be  keratinized, 
as  it  is  not  birefringent  and  histochemical  tests  reveal  no  -SH  or  -S-S-  groups. 
Thus,  when  the  gingival  “cuff”  has  reached  the  cemento-enamel  junction, 
degenerated  cells  lie  between  the  gingival  epithelium  and  the  enamel  so  that 
there  can  be  no  organic  union  between  them. 

7.  The  Distribution  of  Mast  Ceu^s  in  the  Orai.  Tissues  of  the  Rat. — 
B.  G.  Hadden,  Department  of  Dental  Pathology,  London  Hospital  Medical  Col¬ 
lege.  The  distribution  of  mast  cells  in  oral  tissues,  apart  from  the  tongue  and 
gingiva,  has  received  little  attention.  Tissues  examined  in  the  present  in¬ 
vestigation  have  included  the  lips,  cheeks,  and  dental  pulps  of  albino  rats 
from  9,  15,  and  17  days  old  and  full-term  fetuses,  and  animals  of  postnatal, 
aged  1  to  12  days,  2,  3,  4,  6,  8,  12  weeks,  and  6,  9,  12,  15,  18,  21,  and  24 
months.  In  the  lip  and  cheek,  mast  cells  were  first  observed  in  15-day  fetuses 
as  small  isolated  cells  with  few  granules.  By  birth,  these  cells  had  greatly 
increased  in  number  and  size,  and  the  granules  were  more  numerous.  By 
12  days  postnatally,  the  mast  cells  had  attained  adult  size,  number,  and 
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granule  content.  Associated  with  these  increases  there  was  a  change  in  the 
nature  of  the  granules.  Up  to  the  time  of  birth  they  contained  only  the  mono- 
sulfated  ester  of  heparin,  but  gradually  the  heparin  became  more  highly 
sulfated  until,  at  12  days,  the  higher  sultated  esters  of  heparin  predominated. 
These  changes  in  the  ma.st  cells  were  considered  to  be  a  process  of  maturation 
(Radden,  J.  D.  Res.  37:  757,  1958).  In  agreement  with  the  observations  of 
workers  on  other  tissues,  aggregations  of  mast  cells  were  especially  numerous 
around  blood  vessels  and  hair  follicles.  Mitosis  of  mast  cells  was  rarely  seen. 
Mast  cells  were  notably  rare  in  the  dental  pulp  and  in  this  respect  the  pulp 
diflFers  from  all  other  connective  tis,sues.  The  absence  of  mast  cells  in  the 
developing  pulp  with  its  abundant  metachromatic  ground  substance  is  not 
in  accord  with  the  view  of  some  workei-s  that  tissue  metachromasia  is  ])ro- 
]>ortional  to  ma.st  cell  numbers,  nor  is  the  suggestion  that  mast  cells  are  con¬ 
cerned  with  ground  substance  formation. 

8.  Analytical  Studies  ox  Normal  and  Pathologic  Human  Oral  Epi¬ 
thelium. — J.  E.  Eastoe,  Department  of  Dental  Science,  Royal  College  of  Sur¬ 
geons  of  England.  Fresh  unfixed  specimens  of  normal  human  oral  epithelium 
removed  jiostmortem,  and  grossly  thickened  patches,  removed  surgically,  from 
patients  suffering  from  leukoplakia,  were  examined.  Most  of  the  underlying 
tissues  were  di.s.sected  from  the  epithelial  layer  which  was  then  autoclaved. 
After  this  treatment,  the  glistening  white  epithelium  could  easily  be  detachetl 
from  the  remaining  connective  tissue,  which  had  liecome  yellow  and  gelatinous. 
To  nnnove  traces  of  residual  collagen,  the  material  was  autoclaved  with  5  ml. 
portioiLs  of  water  at  126°  C,  for  4  successive  periods  of  1  hour.  The  tissues 
were  extra<‘t(*d  with  solvents  to  remove  small  amounts  of  lipids  and  were  air 
dried.  Sufficient  material  (5  to  6  mg.)  was  obtained  from  each  source  for  the 
quantitative  determination  of  amino  acids  (Moore  and  Stein,  J.  Biol.  Chem. 
192:  663,  1951).  Tissues  were  dried,  in  vacuo,  liefore  weighing  and  hydrolyzed 
with  6  \  hydrochloric  acid  for  48  to  72  hours  at  100°  C.  Total  nitrogen  was 
determinwl  in  a  small  portion  of  the  hydrolysate  by  a  micro- Kjeldahl-Nessler 
H^'hnic;  hydroxyproline  by  the  method  of  Neuman  and  Logan  (J.  Biol.  Chem. 
184:  299,  1950),  Two  equal  portions  (approx.,  2.5  mg.  each)  of  the  hydrolysate 
were  appliiHl  to  KKJ  and  15  cm.  Dowex  50  columns,  resjiectively,  after  removal 
of  acid.  Recoverj'  of  amino  acids  indicated  that  approximately  90  per  cent  of 
the  preparations  was  protein.  The  amino  acid  patterns  of  the  normal  and  leuko- 
plakic  epithelia,  while  generally  similar,  showed  certain  significant  differences. 
The  epithelium  from  the  ieuko])lakic  patch  contained  more  of  the  lighter  rt'si- 
dues  glycine  and  serine  but  ha<l  a  lower  content  of  residue  with  longer 
aliphatic  side  chains. 

9.  The  Surface  Temperatures  of  Ena.mel  During  Meal.s. — I*.  S.  Roth- 
irell,  Turner  Dental  School,  University  of  Manchester.  Surface  temperatures 
of  enamel  dunng  meals  have  been  studied.  Preliminary  investigations  into 
the  thermal  comluctivity  of  human  enamel,  involving  10  determinations  on 
each  of  16  specimens,  gave  average  values,  in  cals,  enu*  sec.''  °C.‘'  and  ±3 
per  cent,  of  0.fK>167  f«ir  specimens  of  30  years  of  age  and  over  and  0.00175  for 
specimens  up  to  'kJ  yeai-s  of  age,  the  difference  with  age  being  shown  to  be 
statistically  significant.  Because  the  thermal  conductivity  of  human  enamel 
is  of  such  a  low  order,  the  instruments  used  for  the  surface  temperature  meas¬ 
urements  were  thermistors.  A  pen-recorder,  giving  faithful  reproduction  up 
to  90  cycles  per  si^eond,  scribed  from  thermistors  situated  on  the  interproxi- 
mal  enamel  of  vital  teeth  and  in  the  occlusal  surface  of  an  extracted  tooth 
incorporated  into  a  partial  denture.  A  thermistor  built  into  one  jirong  of  a 
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plastic  fork  determined  the  temperature  of  food  entering  the  mouth.  Tem¬ 
peratures  ranging  from  3  to  70°  C.  were  obser\’ed  and  5  to  8°  C.  and  45  to 
48°  C.  were  often  maintained  for  5  to  10  minutes  at  a  time.  Meals  similar  in 
composition,  serving  temperature,  and  amount  revealed  that  the  site  of  meas¬ 
urement,  rate  of  eating,  and  physical  nature  of  the  food  caused  variations  in 
enamel  surface  temperature  both  in  and  between  individuals.  Pilot  experi¬ 
ments  demonstrate  that,  when  subjected  to  these  conditions  of  temperature 
and  time,  species  of  homofermentative  lactobacilli  differ  in  their  fermentation 
from  controls  maintained  at  37°  C,  These  results  suggest  that  in  dental  caries 
research,  ambient  temperatures  of  37°  C,  may  not  represent  in  vivo  conditions, 
and  that  food  temperatures  may  present  a  further  etiological  variant. 

10.  Ax  IXVESTIG.VTIOX  IXTO  THE  COLLAGEXASE  Re.SISTAXCE  OF  CaRIOUS  DeX- 
TIXE. — W.  G.  Armstrong,  Institute  of  Dental  Surgery,  University  of  London. 
It  has  been  demonstrated  that  the  collagenase  resistance  of  carious  dentine  is 
due  to  modification  of  the  organic  matrix  (Armstrong,  J.  D.  Res.  37 :  1001, 
19.58).  It  has  also  been  shown  that  modification  of  the  c-amino,  guanidyl,  and 
hydroxyl  groups,  which  derive,  respectively,  from  the  lysine,  arginine,  and 
hydroxy  amino  acid  units  in  the  matrix,  will  convert  the  organic  matrix  of 
sound  dentine  to  collagenase  resistant  forms  (Armstrong,  J.  D.  Res.  37 :  1016, 
1958).  By  a  comi)arison  of  the  titration  curves  of  the  organic  matrices  of 
sound  and  carious  dentine,  it  has  n(»w  been  shown  that  a  decreased  acid-bind¬ 
ing  and  increased  base-binding  capacity  occurs  in  carious  dentine,  indicating 
a  modification  of  ba.sic  groujw  in  the  matrix.  In  addition,  a  comparison  of  the 
amino  acid  composition  of  sound  and  carious  dentine  hydrolysates  showed 
that  carious  dentine  hydrolysates  contained  lower  concentrations  of  lysine, 
arginine,  and  hydroxy  proline.  These  results  suggest  that  alterations  to  the 
basic  and  hydroxy  groups  may  account  for  the  altere<I  collagenase  suscepti¬ 
bility  of  the  carious  dentine  matrix.  The  i<lentity  of  the  agents  causing  these 
modifications  has  not  been  conclusively  established.  However,  it  has  been 
found  that  carious  dentine  contains  approximately  4  per  cent  of  a  carbo¬ 
hydrate-like  substance,  and  there  is  evi<lence  that  this  may  have  reacted  with 
the  basic  groups  in  the  matrix.  In  vitro  studies  have  shown  that  glucose,  but 
not  sucrose,  reacts  with  sound  dentine  to  jinsluce  a  collagenast'  resistant  ma¬ 
trix,  and  prolonged  reaction  with  glucose,  under  define<I  humidity,  pH,  and 
temperature  conditions,  is  characterize<i  by  a  browning  of  the  matrix. 

11.  Hiktologv  of  Rujk  From  a  Fluoride  axd  a  Noxfluoride  Area. — D. 
Jackson  and  J.  A.  Weatkerell,  Biological  Besearch  Unit,  University  of  Leeds. 
The  critical  level  of  F  in  bone  beyond  which  bony  changes  may  be  expected 
to  occur  is  unknown.  In  a  jirevious  study  (Jackson  and  Weidmann,  .1.  Path. 
Pact.  76:  451,  19.58),  the  F  content  of  human  rib  bone  from  West  Hartlepool 
(F  in  drinking  w'ater  =  1.9  ppm)  was  found  to  reach  a  level  conjectured  by 
smne  to  be  critical.  It  w’as  necessary,  therefore,  to  sturly  the  histology  of  rib 
bone  from  this  area.  A  cai'cful  search  was  made  for  the  known  eaiiiest  signs 
of  skeletal  fluorosis,  but  in  no  instance  were  any  signs  observerl.  (’ontrol 
siiecimens  w'ere  obtained  from  I^eeds  wiiere  F  in  drinking  water  is  <  0.5  ppm. 

12.  Preparation  of  Undecautfied  Shtioxs  of  (’aiatfied  Tissura  Em- 
BEDDi-a)  IX  Tropical  (Jrade  EsTi-at  Wax.-  D.  L.  Albert,  Department  of  Dental 
Pathology  and  Histology,  London  Hospital  Medical  P allege.  Ester  wax  em¬ 
bedded  material  was  cut  on  a  sledge  microtome  using  a  Jung  extrahard  steel 
knife  with  a  tool  edged  profile.  The  sections  were  cut  supported  with  Sello- 
tape  (Duthie,  J.  Path.  Bact.  68  :  296,  19.54)  ami  these  were  coated  with  2  per 
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cent  celloidin  (Palmgren,  Nature  174:  46,  1954).  Petroleum  ether  or  chloro¬ 
form  was  used  to  free  the  sections  from  the  Sellotape.  Blocks  of  human  and 
mammalian  bone,  cartilage,  dentine,  and  cementum  up  to  1  cm.  in  diameter 
were  cut  serially  at  thicknesses  varying  from  3  /u,  to  25  /u..  Complete  sections 
were  obtained  and  the  relationship  of  the  cellular  elements  to  the  calcified 
tissues  was  maintained,  but  the  calcified  areas  showed  some  “shatter  lines” 
parallel  to  the  knife  edge.  The  microstructure  of  the  calcified  bone  and  den¬ 
tine  in  these  sections  could  be  studied  in  von  Kossa  and  alizarin  red  S  prep¬ 
arations.  The  distribution  of  alkaline  phosphatase  activity  could  be  studied 
in  the  sections  of  young  rat  knee  joints  using  the  coupled  azo-dye  technic 
(Gomori,  Microscopic  Histochemistry,  University  of  Chicago  Press,  1952) 
using  Brentamine  fast  red  T,  R.  salt  (I.C.I.).  Sections  of  rat  kidney  were 
used  as  controls. 

13.  Preliminary  Results  of  Intracardiac  Perfusion  of  Small  Animals. 
— T.  G.  H.  Davies,  Department  of  Children’s  Dentistry,  The  London  Hospital. 
Perfusion  of  animals  as  small  as  day-old  rats  is  facilitated  by  using  an  adap¬ 
tor  for  retaining  a  cannula  within  the  left  ventricle  (Davies,  Stain  Technol.  34: 
169,  1959)  and  using  a  mechanical  pulsator  based  on  the  work  of  Keller  and 
Cohen  (Oral  Surg.  8:  539,  1955).  A  suspension  of  India  ink  was  used  to  dem¬ 
onstrate  the  extent  of  penetration  of  the  perfusion  fiuid,  using  this  method. 
Whole  mount  preparations  of  the  scalp  showed  the  small  branches  of  the 
vascular  plexus  to  be  well  filled  with  the  ink.  In  the  jaws,  the  vessels  lying 
in  bone  canaliculi  were  clearly  demonstrated  and  in  the  teeth  the  odonto¬ 
blastic  plexus  was  clearly  shown ;  in  contrast,  the  absence  of  a  similar  plexus 
in  the  ameloblast  layer  was  demonstrated.  In  the  gingiva  the  presence  of 
blood  vessels  in  the  crevieular  epithelium  was  noted.  Histologic  material 
fixed  by  routine  methods  was  compared  with  that  from  animals  perfused  with 
fixative.  The  sections,  including  thase  impregnated  wnth  silver,  and  liver 
preparations  stained  for  mitochondria,  showed  improved  fixation  in  the  per¬ 
fused  material. 

14.  Studies  in  the  Development  of  the  Periodontal  Membrane. — J.  D. 
Eccles,  Department  of  Anatomy,  Queen’s  University,  Belfast.  The  development 
of  the  periodontal  membrane  in  the  molar  teeth  of  rats  has  been  investigated. 
When  root  formation  and  eruption  begin,  fibroblasts  differentiate  in  the 
dental  follicle  alongside  the  root,  become  orientated,  and  form  fibers.  Some 
of  these  fibers  become  attached  to  the  bone  and  others  to  the  cementum  and 
they  become  aggregated  to  form  bundles.  More  fibers  become  associated  with 
these,  so  that  the  bundles  gradually  extend  across  the  periodontal  space  from 
each  side.  Each  bundle  terminates  in  a  spray  of  fibers  and  eventually  these 
endings  of  the  alveolar  and  eemental  fibers  intermingle  to  form  the  so-called 
intermediate  plexus.  After  completion  of  active  eruption  the  bundles  become 
continuous  from  bone  to  tooth.  The  alignment  of  the  cells  and  fibers  takes 
place  along  lines  which  correspond  to  lines  of  tensile  stress  induced  by  forces 
of  mastication,  which  begin  to  act  through  the  covering  soft  tissues  prior  to 
eruption  of  the  tooth  through  the  gum.  The  situations  where  fiber  bundle 
formation  takes  place  first  and  to  the  greatest  extent  are  those  where  stress 
would  be  expected  to  be  greatest,  that  is,  in  relation  to  the  outer  surfaces  of 
the  developing  roots.  It  takes  place  later  and  to  a  less  marked  degree  in 
comparatively  sheltered  regions,  such  as  the  bifurcation  of  the  roots.  The 
gingival  fibers  first  appear  among  those  of  the  follicle  covering  the  crown  of 
the  tooth  and  become  attached  to  the  root  near  the  enamel-cement  junction. 
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Some  time  after  the  enamel-cement  junction  has  passed  beyond  the  level  of 
the  alveolar  crest,  cells  and  fibers  become  orientated  under  the  interdental 
papilla  to  form  the  transseptal  fibers. 

15.  Studies  of  the  Interdental  Epithelial  Integument. — B.  Cohen, 
Department  of  Dental  Science,  Royal  College  of  Surgeons  of  England.  The 
formation  of  the  interdental  grin^val  septum  is  dependent  upon  the  position, 
at  the  time  of  eruption,  of  the  two  teeth  which  it  separates.  In  the  ease  of  teeth 
erupting  in  close  contact  \vnth  one  another,  the  stratified  squamous  epithelium 
of  the  oral  mucosa  is  not  maintained  in  continuity  between  the  teeth.  Histo¬ 
logic  evidence  shows  that,  in  the  absence  of  such  mucosal  continuity,  the  inter¬ 
dental  septum  is  covered  by  reduced  enamel  epithelium  derived  from  the 
juxtaposition  of  the  interproximal  surfaces  of  the  two  adjacent  teeth.  There 
is  a  constant  pattern  by  which  this  vestigial  epithelium  comes  to  be  replaced 
by  stratified  squamous  epithelium. 

16.  Myographic  Aspects  of  the  Sw’ allow. — I.  A.  Findlay  and  S.  J.  Kil¬ 
patrick,  The  Queen's  University  of  Belfast.  Myographic  records  were  taken 
on  12  abnormal  subjects  exhibiting  some  definite  oral  dysfunction,  and  12 
normal  subjects.  Ages  ranged  from  11  to  38  years,  sexes  being  equally  rep¬ 
resented.  Recordings  were  taken  on  an  eight-channel  electroencephalograph 
at  an  amplification  of  50  p\  =  o  mm.  Bipolar  surface  electrodes  were  posi¬ 
tioned  on  the  anterior  and  posterior  temporalis  and  the  superficial  and  deep 
masseter.  Bilateral  simultaneous  records  were  taken  of  both  voluntary  and 
involuntary  swallows  during  the  process  of  recording  a  full  range  of  move¬ 
ments.  Two  replications  in  each  case  were  measured.  A  split-plot  analysis  of 
variance  was  done  on  the  logarithms  of  the  peaks  in  quarters.  This  approxi¬ 
mated  to  the  action  potential  envelope  of  the  movement.  Results  showed  the 
existence  of  an  over-all  pattern  of  contraction  for  all  muscles,  that  large  dif¬ 
ferences  occur  between  muscles,  and  that  comparable  muscles  between  sides 
behave  similarly.  Some  cases  are  predominantly  temporal,  some  masseteric, 
and  some  a  mixture  of  both,  irrespective  of  type  and  sex.  There  was  a  sig¬ 
nificant  (P  <  0.05)  interaction  between  groups  and  quarters  due  to  an  inverse 
relationship  between  the  third  and  fourth  quarters.  This  is  not  due  to  a  vari¬ 
ation  in  times  of  swallowing  between  groups.  Individual  limes  varied  be¬ 
tween  1  to  3  seconds.  There  was  no  significant  difference  between  repeated 
swallows,  and  the  variation  between  replications  was  significantly  less  than 
that  between  individuals.  Control  forearm  recordings  for  general  body  ten¬ 
sion  were  negative.  A  more  detailed  report  of  these  and  other  movements 
is  in  preparation. 

17.  Observations  on  the  Early  Develop.ment  of  the  Submandibuiar 
Gland. — C.  H.  Tonge,  King's  College,  Newcastle-upon-Tyne.  Embrj'onic  ma¬ 
terial,  horizons  XIV-XXIII,  ovulation  age  28  to  48  days,  together  with  fetal 
specimens  to  the  end  of  the  fourth  month  have  been  examined.  The  tongue 
area  with  its  loosely  arranged  mesenchyme  and  the  mandibular  nerve,  enter¬ 
ing  a  more  condensed  area  to  its  outer  side,  characterize  horizons  XIV-XVII. 
In  the  earliest  specimen  allotted  to  horizon  XVIII,  ovulation  age  36  to  38  days, 
the  epithelial  and  mesenchymal  components  of  the  submandibular  gland  were 
seen.  Later  specimens  of  horizon  XVIII  showed  angiogenesis  within  the  cen¬ 
ter  of  the  mesenchymal  condensation  which  was  demarcated  from  the  sur¬ 
rounding  area  by  a  layer  of  cells  forming  the  primordium  of  the  submandibu¬ 
lar  gland  capsule.  The  epithelial  ingrowth  shows  early  primary  branching 
in  horizon  XXI,  ovulation  age  42  to  44  days.  Secondary  branching  with  the 
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presence  of  a  lumen  in  the  main  duct  but  not  in  the  branches  is  seen  in  hori¬ 
zons  XXII-XXIII,  ovulation  age  44  to  48  days.  At  the  same  time,  the 
mesenchyme  is  organized  around  the  glandular  tissue  to  form  a  supporting 
reticulum,  and  vascularization  of  the  extraeapsular  area  is  occurring,  while 
within  the  gland  the  blood  vessels  lie  near  to  the  branching  ductules.  At  100 
days  further  differentiation  has  taken  place  so  that  the  mesenchyme  forms 
clear  septa  between  the  lobes  and  lobules  of  the  gland,  the  connective  tissue 
fibers  being  arranged  around  the  ducts  and  parallel  to  their  long  axes,  while 
forming  a  close  network  between  them. 

18.  A  Histochemic.^l  Study  of  the  Secoxd.ary  Cartilage  of  the  Con¬ 
dyle  OF  THE  Mandible  in  the  Rat. — N.  B,  B.  Symons,  Dental  School,  Uni¬ 
versity  of  St.  Andrews,  Dundee.  Material  from  rats,  2  to  3  days  and  1  month 
old,  was  fixed  in  chilled  absolute  alcohol,  embedded  in  paraffin  wax,  and  un¬ 
decalcified  sections  cut.  For  comparison  with  primary  cartilage,  the  joint 
between  the  humerus  and  scapula  was  similarly  treated.  The  distribution  of 
alkaline  phosphatase,  desoxyribonucleic  and  ribonucleic  acids,  and  acid  muco¬ 
polysaccharides  was  similar  in  both  primary  and  secondary  cartilage.  In  the 
2-  to  3-day-old  rats,  glycogen  was  found  in  the  prechondroblasts  and  chondro- 
blasts  as  well  as  in  the  definitive  chondrocytes  of  the  secondary  cartilage, 
whereas  in  the  primary  cartilage  it  was  only  shown  by  the  chondrocytes.  In 
the  1-month-old  rats,  however,  glycogen  did  not  appear  in  the  condylar  carti¬ 
lage  until  the  chondrocyte  stage.  In  the  primary  cartilage,  mitotic  figures 
were  very  infrequent  even  in  the  2-  to  3-day  material ;  in  the  condylar  carti¬ 
lage  they  were  numerous  at  this  stage,  and  at  1  month. 

19.  Termination  of  Endochondral  Bone  Growth  in  the  Mandibular 
Condyle. — H.  J.  J.  Blackwood,  Royal  Dental  Hospital  of  London  School  of 
Dental  Surgery.  Eighty-seven  human  mandibular  condyles  between  0  and  25 
years  of  age  were  examined  histologically.  It  was  found  that  growth  of  the 
condylar  cartilage  normally  ceases  at  about  20  years  of  age  and  an  intact 
jilate  of  bone  forms  over  the  deep  surface  of  the  cartilage  separating  it  from 
the  medullary  cavity  beneath.  However,  considerable  cellular  activity  can 
be  observed  along  the  line  of  junction  between  the  bone  and  the  cartilage  up 
to  23  or  24  years  of  age.  This  is  in  the  form  of  a  localized  osteoclastic  re- 
.sorption  of  the  remaining  ealcifieil  cartilage  matrix  and  replacement  by  bony 
Haversian  systems.  When  this  process  has  been  completed,  a  thin,  even  calci¬ 
fied,  line  marks  the  junction  between  the  bone  and  cartilage.  Cartilage 
growth  usually  ceases  somewhat  earlier  beneath  the  posterior  articular  sur¬ 
face  of  the  condyle  but  this  appears  to  depend  to  some  extent  upon  the  de¬ 
gree  of  anterior  angulation  of  the  head  of  the  condyle.  Localized  areas  of 
endochondral  bone  formation  sometimes  ])ersist,  especially  over  points  of 
maximum  convexity  of  the  condylar  head,  when  the  surrounding  cartilage 
has  ceased  its  growth. 

20.  The  Excision  of  the  Articular  Surface  of  the  Mandibular  Con¬ 
dyle  IN  Rabbits. — R.  Sprim,  Department  of  Oral  Anatomy,  University  of 
Sheffield.  On  8  rabbits,  6  weeks  old,  the  fibrous  articular  membrane  and  the 
cartilage  covering  the  condyle  were  removed.  The  intra-articular  disc  was 
dissected  free  from  its  postenor  attachments  (Sprinz,  .1.  D.  Res.  36:  813, 
1957).  The  operations  were  performed  bilaterally,  4  weeks  were  allowed  be¬ 
tween  the  ojieration  on  the  right  and  left  joint.  Using  the  method  of  Ness 
(Brit.  D.  J.  102:  439,  1957),  radiographs  were  taken  and  changes  in  the 
masticatory  apparatus  measured.  The  animals  were  sacrificed  8  weeks  after 
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the  first  operation.  It  was  found  that:  (1)  The  disc  became  attached  to  one 
of  the  articular  surfaces  in  10  out  of  15  joints,  as  compared  with  5  in  15  when 
only  the  disc  was  dissected  free  from  the  capsule.  (2)  The  condyle  became 
larger  and  some  indentations  were  observ^ed.  (3)  Where  the  fusion  occurred 
it  was  related  both  to  the  region  where  the  articular  membrane  was  undis¬ 
turbed  and  to  the  zone  where  the  articular  covering  had  been  removed.  (4) 
The  gradual  increase  in  intermaxillary  distance  indicated  that  the  operations 
caused  little  embarrassment  to  chewing. 

21.  Further  Studie.s  ox  M.4Gxesiax  Whitlockite. — S.  L.  Rowles,  M.R.C. 
External  Staff,  Department  of  Dental  Pathology,  University  of  Birmingham. 
(Vystalline  whitlockite,  prepared  from  aqueous  solution  as  previously  de¬ 
scribed,  has  a  smaller  magnesium  content  than  that  occurring  in  calculus.  The 
effect  of  variation  in  conditions  of  the  preparation  on  the  composition  of  the 
precipitate  has  been  investigated  in  an  attempt  to  obtain  whitlockite  similar 
to  calculus  whitlockite.  The  system  Ca(3-x)  Mg,  (1*04)2  has  been  studied  at 
900°  C.  where  the  phases  occurring  were  found  to  be  similar  to  those  found 
earlier  at  1,100°  C.  In  a  .series  of  calculus  samples  derived  from  the  Birming¬ 
ham  area,  studied  by  the  Guinier  technic,  the  major  constituents  were  mag¬ 
nesian  whitlockite  and  octocalcium  phosphate  and,  less  frequently,  hydroxy- 
ai)atite.  The  Guinier  technic  of  x-ray  analysis  has  been  shown  to  be  capable 
of  detecting  1  per  cent  whitlockite  in  mixtures  with  hydroxyapatite. 

22.  Some  Problems  of  the  Microaxalysis  of  the  Fluoride  Coxtent  of 
THE  Teeth. — J.  N.  Kudahl,  Department  of  Physics,  University  of  Birmingham. 
The  adsorption-dilution  method  of  measuring  fluoride  concentrations  (Frem- 
lin,  Hardwick,  and  Suthers,  Nature  (Lond.)  180:  1179,  1957)  may  be  upset 
by  the  presence  of  organic  compounds.  These  may  be  burnt  off  by  strong 
heating  of  the  sample  in  a  platinum  boat.  Small  samples  (a  few  milligrams) 
of  biological  material  such  as  enamel,  saliva,  and  sugar  solutions  were  labeled 
with  trace  amounts  of  F*®  in  the  form  of  the  fluoride  ion.  To  avoid  the  effects 
of  self  absorption  of  radiation  by  the  sample,  the  fluoride  was  followed  by 
counting  gamma  rays  only.  When  the  sample  had  a  high  organic  content, 
the  fluoride  was  lost  during  heating  unless  a  small  amount  of  a  compound 
such  as  magnesium  acetate  had  been  added  to  raise  the  pH.  Samples  of 
coarsely  ground  enamel  were  dissolved  in  a  strong  (3  X)  nitric  acid  and  then 
precipitated  with  excess  ammonium  hydroxide  as  calcium  hydroxide  and  other 
salts  in  a  finely  divided  state.  Heating  of  this  precipitate  decomposed  the 
ammonium  salts  and  the  small  amount  of  organic  compounds  present  in  the 
enamel  but  did  not  drive  off  the  fluonde.  The  samples  were  then  re-dissolved 
in  nitric  acid  to  give  a  suitable  solution  for  measurement  of  fluoride  concen¬ 
tration  by  the  adsorption-dilution  method. 

23.  Radioactivity'  of  Some  Silicate  Cements. — J.  If.  Fremlin,  J.  L.  Hard¬ 
wick,  and  J.  F.  Wheatcroft,  Departments  of  Physics  and  Dental  Surgery,  Uni¬ 
versity  of  Birmingham.  During  the  last  few  years  at  least  one  manufacturer 
has  incorporated  uranium  salts  in  his  silicate  cements  to  produce  a  fluores¬ 
cence  simulating  the  natural  fluorescence  of  teeth.  Uranium  and  its  decay 
jiroducts  emit  alpha  and  beta  particles  and  gamma  rays.  In  a  representative 
specimen  of  this  radioactive  silicate  cement  1.5  mm.  thick  (corresponding  to 
the  thickness  of  a  shallow  silicate  filling  in  an  anterior  tooth),  one  alpha  par¬ 
ticle  and  35  beta  particles  are  emitted  from  a  square  centimeter  each  minute. 
The  alpha  particles  are  extremely  destructive  to  living  tissue  but  will  seldom 
penetrate  more  than  15  p  of  dentine  or  lining  material ;  in  all  but  the  deepest 
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fillings  they  will  be  of  no  elinieal  significance.  The  beta  particles  emitted  are 
partly  primanr  radiations  and  partly  emissions  secondary  to  gamma  rays. 
Half  the  beta  particles  emitted  from  the  surface  of  such  a  specimen  will  pene¬ 
trate  about  0.5  mm.  of  dentine  or  cavity  lining.  Gamma  rays  will  not  be 
stopped  appreciably  by  any  thickness  of  dental  ti.ssues  or  cavity  lining  found 
in  the  mouth  and  5^ill  produce  secondary  electrons  which  will  be  emitted 
from  the  surface  of  the  hlling  at  the  rate  of  about  0.4  electron/cm.Vmin.  for 
each  millimeter  of  thickness  of  the  silicate ;  in  a  silicate  filling,  fewer  second¬ 
ary  electrons  will  be  emitted  from  the  surfaces  than  ])rimary  beta  particles. 
The  radioactivity  of  this  silicate  filling,  whether  lined  or  not,  suggests  that 
very  minor  effects  may  slowly  be  produced  on  the  pulp,  the  effect  being  in¬ 
creased  in  extensive  and  deej)  fillings.  The  weight  of  uranium  swallowed, 
as  silicate  fillings  slowly  dis.solve  in  the  mouth,  lies  well  within  the  generally 
accepted  .safe  radiological  dosage  of  uranium  by  ingestion. 

24.  Protein*  Components  of  Pure  Human  Parotid  Gland  Secretion  as 
Demonstrated  by  Starch-(j!el  Zone  Electrophoresis. — K.  C.  Hoerman,  Com¬ 
mander  Dental  Corps,  V.S.  Navy,  United  States  Nat'al  Medical  Research  Unit 
No.  3,  Cairo,  fJgypt,  U.A.R.  Protein  in  the  secretion  of  human  parotid  glands 
has  been  separated  into  12  distinct  species  by  classical  boundary  electrophore¬ 
sis.  To  present  similar  .separations  have  not  been  aecompli.shed  by  zone  elec¬ 
trophoretic  methods  which  lend  themselves  more  readily  to  isolation  and 
biologic  characterization  of  the  separated  protein  components.  Applying  the 
method  of  Smithies  (Biochem.  J.  61 :  629,  1955)  for  the  separation  of  human 
s«'rum  proteins  in  starch-gels,  it  was  possible  to  divide  parotid  secretion  pro¬ 
teins  into  9  distinct  species,  provided  modifications  in  technic  were  made  to 
<lepress  parotid  saliva  arnyla.se  activity.  Six  protein  components  migrated 
in  the  gels  as  cations  at  pH  8.4.  These  were  of  large  molecular  size  with  the 
exception  of  the  fastest  moving  zone  which  was  possibly  a  peptide.  The 
anions  migrated  in  a  similar  fashion  as  human  serum  albumin  and  beta  glob¬ 
ulin;  however,  jiositive  identification  was  not  made.  Further  preparative 
studies  are  being  conducted  using  two-dimen.sional  paper-starch-gel  and  cellu- 
los<'  column  electrophoresis.  The  isolation  and  characterization  of  some 
parotid  enzymes  (acid  phosphata.se,  lysozyme,  and  amylase)  will  be  attempted. 

25.  The  Sodium  and  Potassium  Concentrations  of  Human  Parotid 
Saliva. — J.  F.  Rates,  Turner  Dental  School,  .Manchester.  A  comparison  of  the 
Na  and  K  concentrations  of  saliva  stimulated  by  wax,  barley  sugar,  acid  drops, 
and,  in  1  subject,  with  pilocarpine,  has  been  made.  Small  variations  in  the 
rates  of  s<'cretion  were  observed  which  caused  variations  in  the  concentra¬ 
tions  of  the  sodium  ami  potassium.  \o  evidence  could  be  found  to  a.ssociate 
the  type  of  stimulus  with  any  variation  in  the  concent ratimi.  Intravenous 
infusions  of  KH)  mg.  of  hy<lrocortisone  in  4  subjects  failed  to  change  the  Xa 
and  K  concentrations  of  wax-stimulated  saliva  within  5  hours,  although  it  had 
depressed  the  plasma  phosphate. 

26.  Elwtrofhoketic  Studikh  of  IIydkoxylafatite. — S.  A.  Lemh,  M.R.C. 
External  Staff,  Turner  Dental  School,  University  of  Manchester.  Electropho¬ 
retic  studies  of  a  well-characterized  sample  of  hydroxylapatite,  using  a 
Xorthrop-Kunitz  cataphoresis  apparatus,  have  been  carried  out.  It  is  po.ssible 
to  correlate  the  variations  in  solubility  under  different  conditions  and  the  ex¬ 
tent  of  exchange  in  the  crystals  with  their  electrophoretic  properties.  The 
crystals  may  be  made  to  have  either  a  positive,  a  negative,  or  zero  charge  by 
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alteration  of  the  solution  conditions  and,  as  such,  affords  a  sensitive  method 
for  the  detection  of  microquantities  of  extraneous  material  attached  to  the  ^ 
crystal  surfaces. 

27.  Citrate  in  Dentine. — R.  L.  Hartlen  and  A.  G.  Leaver,  Department  of. 
Dental  Biochemistry,  School  of  Dental  Surgery,  University  of  Liverpool.  Den-' 
tine  contains  about  0.9  per  cent  of  citrate.  After  demineralization  of  dentine 
with  X.HCl  all  the  citrate  is  found  in  solution  with  the  mineral  fraction. 
This  citrate  appears  to  be  as.sociated  with  a  soluble  peptide  containing  8  to 
10  amino  acids.  Removal  of  the  greater  portion  of  organic  material  from 
dentine  by  ethylene  diamine  leaves  the  citrate  in  the  residue,  from  which  it 
can  be  extracted  by  water.  This  citrate  extract  also  appears  to  be  associated 
with  a  similar  peptide.  The  amino  acid  composition  of  this  peptide  does  not 
indicate  that  it  is  a  breakdown  product  of  collagen. 

28.  Carbohydrate  LE^^^Ls  in  Dent.al  Tis.sues  of  Young  Rats  on  Con¬ 
trasted  Diets. — M.  V.  Stack,  M.R.C.,  Bristol,  and  P.  J.  IloUoxvay,  M.R.C., 
London  (Present  address:  Harvard  School  of  Dental  Medicine,  Boston).  Rat 
litters  were  weaned  to  diets  having  sucrose : casein  ratios  of  1:6  and  13:1,  as 
supplied  to  the  maternal  rats  during  the  month  before  breeding.  Molars 
were  dissected  intact  4  to  6  weeks  after  birth ;  they  were  brushed,  washed, 
dried,  and  weighed.  Weights  of  molars  from  20  rats  on  the  high  protein  diet 
indicated  their  growth  status  to  be  2  weeks  ahead  of  those  from  the  10  rats 
on  the  low  protein  diet.  Dentine  and  enamel  fractions  were  prepared  from 
first  and  second  molars  by  flotation  (S.G.  2.65).  Molar  enamel  of  6- week  rats 
on  the  low  protein  diet  contained  0.4  per  cent  carbohydrate  (dentine,  0.5 
per  cent),  but  the  levels  were  0.2  and  0.3  per  cent,  resjiectively,  in  molars  of 
rats  of  the  same  chronological  age  on  the  high  protein  diet.  First  and  sec¬ 
ond  molars  of  animals  on  the  latter  diet,  sacrificed  when  the  teeth  were  at  the 
same  growth  status  as  those  of  rats  on  the  deficient  diet,  showwl  enamel 
carbohydrate  levels  of  0.4  per  cent  (dentine,  0.6  per  cent).  Such  levels  were 
also  noted  in  pooled  third  molars  of  high  protein  rats,  but  at  the  sixth  week. 
Differences  in  enamel  and  dentine  carbohydrate  levels  at  corresponding  den¬ 
tal  gniH'th  status  were  thus  not  evident  when  animals  were  weaned  to  con¬ 
trasted  diets. 

29.  LEUKOt'YTRs  IN  THE  Saliva  OF  JxFAN'rs. — D.  E.  Wright,  Deiuirtment 
of  Physiology,  Medical  School,  King's  College,  Seu'castle-upon-Tyne.  The 
leukoe^ies  were  counted  in  246  saliva  sam])les  obtained  fi-om  100  infants  wh(KS(* 
ages  ranged  from  14  days  to  24  months.  .\o  leuko<*ytes  at  all  were  found  in 
205  of  the  siiecimens  studied.  A  significant  |>ositive  correlation  was  found  to 
exist  lietween  the  average  count  in  tin*  samples  and  the  age  of  the  child.  Fifty- 
five  of  the  childi*en  had  no  erupted  tc(*th  and  46  ha<l  varying  numbci's.  In  the 
former  group,  45  consistently  showed  no  leukocytes  and  only  10  had  a  posi¬ 
tive  count;  21  of  the  latter  group  had  nil  counts  and  23  positive  figures.  In 
9  ca.ses,  samples  were  obtained  within  less  than  2  days  of  the  fii*st  observance 
nf  a  newly  erupted  tooth.  In  no  instance  was  this  proct*ss  found  to  be  asso¬ 
ciated  with  a  rise  in  leuk(K*yte  count.  From  25  of  the  children,  5  samples  were 
taken  in  successive  we»*ks.  These  well-studit'tl  cases  were  consiilered  as  a 
separate  group  and  it  was  noted  that  86  jier  cent  of  the  samples  showetl  nil 
counts.  The  conclusion  is  therefore  that  b*ukocyt<‘s  are  rarely  found  in  the 
saliva  of  very  .small  infants  and  that  their  appearance  ami  number  is  related 
to  age  rather  than  to  eruption  or  to  numbers  of  teeth. 


1224 


I ADK— BRITISH  DIVISION 


J.  D.  Res. 
Nov.— Dec..  1959 


30.  Distribution  of  Keratin  in  the  Gingival  Sulcus  of  the  Rat. — W. 

S.  AUdritt,  School  of  Dentistry,  The  Queen’s  University  of  Belfast.  Mandibles 
of  albino  rats,  ranging  in  age  from  20  days  to  adult,  were  fixed  in  acetone  at 
4°  C.  for  24  hours.  Demineralization  was  obtained  by  the  method  described 
by  Greep  (Science  lOo:  666,  1947).  Routine  dehydration  and  embedding  were 
used.  Stains  employed  were  hematoxylin  and  eosin,  Gomori’s  modification 
of  the  Bielschowsky-Maresch  method  for  demonstrating  reticulum,  and  Full¬ 
mer’s  method  for  connective  tissue  (B’ullmer,  J.  D.  Res.  37:  1,  62,  1958).  A 
similar  picture  was  found  at  all  ages.  The  keratinized  layer  of  the  gingival 
epithelium  extends  apieally  from  the  gingival  margin.  It  is  interposed  be¬ 
tween  the  residual  epithelium  of  the  enamel  organ  apposed  to  the  enamel 
space  and  the  gingival  epithelium.  A  well-marked  granular  layer  occurs  on 
the  gingival  side  of  the  keratin,  indicating  its  origin  from  the  gingival  epi¬ 
thelium.  The  basal  layers  of  this  epithelium  extend  further  apieally  than  the 
keratin,  in  some  cases  in  contact  5vdth  the  enamel  epithelium,  in  others  as  a 
process  separated  from  it  by  connective  tissue.  Buccolingual  serial  sections 
show  that  in  the  interdental  area  the  overlapping  arrangement  of  gingival 
on  enamel  epithelium  is  maintained.  However,  the  morphology  of  the  epi- 
thelia  changes  to  a  loose  arrangement  of  the  cells.  This  may  be  related  to 
the  more  sheltered  environment  of  the  gingival  margin  in  the  interdental 
embrasure. 

31.  The  Submicroscopic  Structure  of  Mineralizing  Rat  Enamel. — R.  IV. 
Fearnhead,  Department  of  Dental  Histology,  London  Hospital  Medical  College. 
Partially  mineralized  enamel,  chipped  from  the  forming  end  of  the  incisor 
teeth  of  adult  rats,  was  broken  up  into  small  fragments  in  water  or  Palade 
fixative.  The  fixed  or  unfixed  enamel  was  examined  at  high  magnification 
with  a  Siemens  Elmiskop  1  electron  microscope.  High  magnification  image 
eflfects  which  have  not  yet  been  fully  interpreted  were  observed  when  mag¬ 
nifications  of  X  300,000  to  1,500,000  were  employed. 

32.  Dentine  Matrix. — K.  Little,  M.R.C.  Staff,  Nuffield  Orthopaedic  Centre, 
Oxford.  The  matrix  of  dentine  when  viewed  in  the  electron  microscope  is 
seen  to  consist  primarily  of  collagen,  ground  substance,  calcium  phosphate 
crystallites,  and  water — the  presimee  of  this  latter  is  deduced  from  the  spaces 
left  when  a  section  is  dried.  There  is  reason  to  believe  that  the  ground  sub¬ 
stance  is  not  uniform  chemically,  while  the  collagen  is  visibly  not  a  uniform 
material.  Dentine  belongs  to  that  group  of  collagenous  tissues  which  con¬ 
tain  a  mixture  of  collagen  fibrils  of  different  diameters.  In  this  ease  the 
fibrils  have  a  tangled  and  almost  random  arrangement,  although  x-ray  dif¬ 
fraction  observations  indicate  a  certain  degree  of  orientation  which  is  related 
to  the  direction  of  the  tubules.  The  lack  of  uniformity  of  arrangement  of 
the  collagen  fibrils  is  reflected  in  the  lack  of  uniformity  in  microradiographs, 
suggesting  that  calcification  is  related  to  the  iiresenee  of  collagen.  In  carious 
dentine,  on  the  other  hand,  decalcification  is  accompanied  by  loss  of  ground 
substance,  which  might  even  occur  first,  and  collagen  is  the  last  component 
of  the  tissue  to  be  destroyed. 

33.  A  Further  Gorrelation  Between  Dentine  Sections  and  Their 
Microradiographs. — //.  Allred,  Turner  Dental  School,  Manchester.  In  order 
to  relate  the  distribution  of  the  organic  matrix  of  dentine  with  that  of  the 
inorganic  salts,  undecalcified  sections  of  dentine,  5  to  7  y  in  thickness,  were 
radiographed  prior  to  staining.  By  careful  orientation  it  was  ])os8ible  to 
identify  a  given  tubule  on  both  the  section  and  its  microradiograph.  In  the 
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peripheral  region  of  intermediate  dentine,  a  marked  reduction  in  the  diameter 
of  the  dentinal  tubule  was  noted  on  the  mieroradiograph,  when  compared  with 
the  tubules  nearer  the  pulp.  This  reduction  was  closely  associated  with  the 
development  of  a  differentially  stained  peritubular  zone,  but  the  hypercalci¬ 
fication  of  this  zone  was  only  evident  farther  from  the  pulp.  The  final  diam¬ 
eter  of  this  h>'percalcified  zone  was  shown  to  exceed  that  of  the  tubule 
immediately  before  its  development,  more  closely  corresponding  to  its  larger 
initial  diameter  adjacent  to  the  pulp.  The  tubule  diameter  seen  on  the  section 
was  considerably  smaller  than  its  mieroradiograph,  demonstrating  the  deposi¬ 
tion  of  the  matrix  prior  to  its  calcification. 

34.  A  Study  of  the  Dental  Characteristics  of  the  Middle  Minoans. — 
//.  G.  Carr,  Cambridge.  The  specimens  examined  were  recovered  from  burial 
jars  found  in  a  burial  ground  near  the  Minoan  Palace  of  Knossos  in  Crete. 

( )ne  hundred  and  forty  jawbone  specimens,  mainly  mandibles  containing  some 
600  teeth,  and  a  further  900  loos(‘  teeth  have  been  examined.  An  investiga¬ 
tion  was  made  of  (1)  the  morphology,  (2)  the  incidence  of  dental  disease, 
(3)  the  degree  of  attrition.  ^lorphological  measurements  were  made  and 
dental  pathology  classified.  The  total  and  percentage  incidences  were  deter¬ 
mined  for  loss  of  teeth,  septic  foci,  and  degree  of  periodontal  disease.  The 
amount  of  attrition  was  recorded  and  the  percentages  according  to  Broca’s 
classification  (Broca,  Bull.  Soc.  Anthop.  Paris  2:  149,  1897)  were  determined. 
The  results  have  been  compared  with  other  investigations  of  the  dentition  of 
ancient  peoples. 

35.  Some  ()b.servations  Relevant  to  the  Proteolysis-Chfxation  Thfdry 
OF  Caries. — G.  N.  Jenkins,  Department  of  Physiology,  Medical  School,  Neiv- 
castle-upon-Tyne.  The  proteolysis-chelation  theory  of  caries  suggests  that  bac¬ 
terial  attack  on  the  organic  constituents  of  enamel  may  release  substances 
capable  of  decalcifying  the  tooth  at  neutral  or  alkaline  pH  values  by  forming 
complexes  or  chelates.  Previous  workers  have  developed  the  concept  of  a 
critical  pH  of  about  5.5  above  which  the  tooth  substance  does  not  dissolve  in 
plaque  or  saliva  but  their  experiments  were  carried  out  in  the  presence  of 
toluene  or  thymol  which  would  presumably  prevent  the  bacterial  formation  of 
possible  complexing  agents.  In  the  present  preliminary  work,  salivary  sedi¬ 
ment  has  been  incubated  with  and  without  teeth  in  the  absence  of  preservative 
or  carbohydrate  and  the  phosphate  and  calcium  estimated  periodically.  In 
most  experiments,  a  small  rise  in  the  phosphate  concentration  occurred  but 
there  was  no  con-esponding  rise  in  calcium.  It  was  concluded  that  these 
experiments  provided  no  evidence  of  chelation  effects,  the  observed  rise  in 
phosphate  probably  being  accountetl  for  by  the  release  of  phosphate  ions  ad¬ 
sorbed  onto  the  teeth. 

36.  Radiographic  Assessment  of  Approxlmal  (Varies. — h.  D.  Emslie,  De¬ 
partment  of  Preventive  Dentistry,  Guy’s  Hospital,  London.  During  the  course 
of  a  3-year  clinical  trial  of  two  toothpastes,  the  approximal  caries  experience 
in  the  cheek  teeth  of  50  subjects  was  assessed  after  2  yeai*s.  The  subjects 
were  medical  and  dental  students,  of  average  age  20  yeara,  who  brushed  their 
teeth  twice  daily.  The  development  of  approximal  caries  was  followed  by  a 
modification  of  the  radiographic  method  described  by  Backer  Dirks,  van 
Amerongen,  and  Winkler  (J.  D.  Res.  30:  346,  1951),  four  radiographs  of  the 
cheek  teeth  being  taken  at  yearly  intervals.  All  radiographs  were  examined 
by  the  same  assessor.  Only  approximating  surfaces  ( <  2  mm.  apart  on  radio¬ 
graphs)  were  counted,  being  graded  as:  0 — caries  free,  1 — caries  of  enamel 
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only,  2 — with  dentine  just  involved,  3 — gross  dentine  caries.  At  the  com¬ 
mencement,  1,541  surfaces  had  289  with  fillings  and  91  with  Grade  3,  125  with 
Grade  2,  and  279  with  Grade  1  caries.  Of  757  caries-free  surfaces,  24  (3.2  per 
cent)  became  carious  during  the  2  years  and  of  these  only  11  (1.5  per  cent) 
involved  dentine.  Twenty  per  cent  of  the  279  Grade  1  lesions  progressed  to 
a  higher  grade  (including  fillings)  compared  with  50  per  cent  which  pro¬ 
gressed  from  Grade  2.  If  caries-free  and  Grade  1  surfaces  are  grouped  to¬ 
gether,  making  1,036  surfaces  at  lisk,  6.5  per  eent  of  these  developed  caries 
which  involved  the  dentine.  The  low  new  earies  incidence  and  slow  progress 
of  small  le.sions  on  the  smooth  surfaces  of  the  cheek  teeth  suggest  that  in  this 
age  group  an  investigation  of  the  ineidence  of  fresh  approximal  earies  would 
require  large  numbers  and  several  years’  study  before  biologically  significant 
i-esults  could  be  expected. 

37.  Further  Ob.servations  ox  the  Early  Lesion  op  Enamel  Caries. — 
-1.  /.  Darling  and  K.  V.  Mortimer,  Dental  School,  V niversity  of  Bristol.  It  was 
.shown  previously  (Darling,  Brit.  D.  J.  105:  119,  1958)  that  in  the  early  lesion 
there  was  a  selective  decalcifieation  of  certain  structures.  It  was  suggested 
that  this  was  due  to  diflFerences  of  organic  matrix,  the  soluble  structures  hav¬ 
ing  a  .soluble  protein  matrix,  and  the  insoluble  stmctures  an  insoluble  protein 
matrix.  This  theory  exiilained  most  of  the  features  of  the  early  lesion. 
Lesions  closely  resembling  the  earliest  stage  of  enamel  earies  have  now  been 
produced  by  an  organic  solvent  which  jiroliably  only  attacks  the  soluble  pro¬ 
tein.  Whole  teeth  and  windows  on  the  buccal  surface  of  teeth  have  been  ex- 
po.sed  to  cold  ethylenediamine.  Ground  sections  of  these  examined  in  different 
media  by  transmitted  and  polarized  light  show  a  pattern  identical  with  that 
of  early  caries.  Points  of  entry  at  striae  of  Retzius  appear  to  be  selected  and 
there  is  a  differential  attack  on  the  enamel  affecting  first  the  interprismatic 
substance  and,  slightly  later,  the  eross-striations;  the  striae  of  Retzius  are 
also  enhanced.  By  chemical  methods,  no  phosphate  could  be  demonstrated  in 
the  ethylenediamine  after  the  exposure  of  many  teeth  to  this  treatment.  Simi¬ 
lar  results  were  obtained  with  powdered  enamel  and  tribasic-calcium  phos- 
jihate,  and  it  is  therefore  improbable  that  the  inorganic  salts  are  affected. 
Analysis  of  enamel  powder  exposed  to  ethylenediamine  showed  that  much  of 
the  organic  content  was  removed.  This  provides  confirmation  for  the  theory 
that  the  initial  caries  attack  is  vm  the  soluble  protein. 

38.  Some  Observation.s  on  the  Mottled  Enamel  op  Fluorosis. — A.  I. 
Darling  and  A.  IF.  Brooks,  Dental  School,  University  of  Bristol.  Mottled 
enamel  is  being  studied  in  ground  sections  by  means  of  polarized  light  and 
microradiographs,  and  also  in  stained  decalcified  sections.  It  has  been  con¬ 
firmed  that  the  lesion  is  an  area  of  diffuse  hypocaleification  lying  beneath  a 
narrow  well-calcified  surface  layer.  In  .severe  lesions,  the  hypocaleified  area 
extends  toward  the  amelodentinal  junction,  but  there  is  always  a  well-calci¬ 
fied  band  of  enamel  at  and  parallel  to  the  junction.  Bands  of  relatively  well 
and  poorly  calcified  enamel  can  be  .seen  running  jiarallel  to  the  striae  of 
Retzius,  and  much  finer  baiuls  mnning  jiarallel  to  the  pri.sms.  Microradio- 
graphs  of  transverse  sections  of  prisms  show  that  there  is  a  relative  hypo- 
calcification  of  the  interprismatic  substance.  At  this  stage  it  is  not  possible 
to  tell  whether  the  prism  cortex  is  part  of  the  better  calcified  or  poorly  calci¬ 
fied  enamel.  A  very  similar  pattern  is  shown  by  Crabb  (Proe.  Roy.  Soc.  Med. 
52:  118,  1959)  as  one  stage  in  the  fonnation  of  normal  enamel,  and  it  seems 
that  the  hypocaleification  is  due  to  a  failure  of  the  final  stage  in  the  calcifica¬ 
tion  of  enamel.  Decalcified  sections  of  enamel  show  a  constant  pattern.  In 
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the  core  of  the  prisms  there  is  an  apparent  thickening  of  the  organic  matrix 
as  calcification  becomes  poorer,  and  in  the  interprismatic  substance  there  is 
an  apparent  thickening  of  the  organic  matrix  in  the  less  severe  parts  of  the 
lesion,  but  in  the  areas  of  poorest  calcification  the  organic  matrix  seems  to  be 
absent. 

39.  The  Distribution  of  Acid  in  the  Carious  Tooth. — A.  B.  MacGregor, 
School  of  Dental  Surgery,  University  of  Birmingham.  The  association  of  acid 
production  with  the  carious  process  has  been  generally  accepted  for  some  time, 
although  evidence  of  the  actual  presence  of  acid  has  been  scanty.  A  simple 
technic  using  indicators  has  been  devised.  This  demonstrates  the  presence  of 
acid  in  carious  enamel  and  dentine  and  gives  some  indication  of  the  relative 
amounts  of  acid  in  different  zones.  Early  enamel  lesions  are  associated  with 
the  presence  of  acid,  and  a  zone  of  dentine  giving  an  acid  reaction  is  fre¬ 
quently  seen  in  advance  of  the  visually  altered  carious  dentine.  From  the 
evidence  of  indicators  the  pH  would  appear  in  many  instances  to  be  at  least 
below  5.  Artificial  cavities  cut  in  sound  teeth  into  which  buffered  lactic  and 
formic  acid  were  inserted  showed  a  very  similar  pattern  of  indicator  reaction 
in  the  dentine  to  that  found  in  caries.  Recent  work,  using  the  technic  of  re¬ 
moving  softened  dentine  from  carious  cavities  with  later  histologic  investiga¬ 
tion,  using  a  modification  of  Gram’s  stain  described  previously  (MacGregor, 
Marsland,  and  Batty,  Brit.  D.  J.  101 :  7,  230,  1956)  shows  that,  in  many  in¬ 
stances,  where  an  area  of  acid  reaction  is  seen  at  the  base  of  a  cavity  after 
removal  of  softened  dentine,  no  organisms  can  be  seen  in  the  area  in  later 
serial  sections.  This  supports  the  hypothesis  put  forward  by  the  above  au¬ 
thors  that  softening  in  the  dentine  precedes  the  organisms,  and  suggests  fur¬ 
ther  that  this  softening  is  associated  with  the  presence  of  acid. 

40.  Testing  of  Acid  Inhibitors. — Doreen  L.  W edderburn  and  Sylvia  F. 
Allen,  Unilever  Limited,  Isleworth,  Middlesex.  The  theory  that  caries  is  caused 
by  acid  decalcification  of  enamel  is  supported  by  more  evidence  than  are  other 
theories  (Bibby  et  al.,  Internat.  D.  J.  8:  385,  1958).  Consequently,  laboratory 
tests  on  possible  caries  inhibitors  usually  assess  oral  acid  inhibition.  The  acid 
inhibitory  properties  of  penicillin,  tyrothrycin,  Hibitane,  benzalkonium  chlo¬ 
ride,  Cetrimide,  8-hydroxyquinolin,  sodium  N-lauroyl  sareosinate,  sodium 
ricinoleate,  sodium  lauryl  sulfate,  sodium  fluoride,  and  stannous  fluoride,  and 
their  persistence  in  and  penetration  through  dental  plaque,  have  been  a.ssessed 
by  a  two-stage  test.  Inhibition  of  salivary  glycolysis  was  assessed  mano- 
metrically  (Hartles,  Brit.  D.  J.  101:  12,  1956)  and  all  the  compounds  were  in¬ 
hibitory  to  some  extent.  To  assess  the  persistence  in  and  penetration  through 
plaque,  subjects  used  solutions  of  the  compounds  as  mouthwashes  and  plaque 
.scrapings  were  removed  at  intervals  and  transferred  to  a  liquid  glu¬ 
cose  medium.  The  rate  of  acid  production  was  compared  with  that  of 
untreated  plaque  to  obtain  an  indication  of  the  activity  of  the  test  compounds. 
Although  some  of  the  compounds  showed  peraistence  in  the  plaque,  none  in¬ 
hibited  acid  entirely.  This  is  attributed  to  lack  of  penetration.  These  find¬ 
ings  support  the  observations  of  Manly  (J.  I).  Res.  37 :  798,  1958),  who  used 
salivary  sediments  in  vitro,  and  also  those  of  Muntz  and  Miller  (J.  1).  Res. 
22:  73,  1943)  who  used  reconstituted  plaques  in  vitro. 

41.  N0NDE.STRUCTIVE  Testing  of  Dental  Materials. — D.  C.  Smith,  Turner 
Dental  School,  Manchester.  Nondestructive  test  methods  are  specially  suitable 
for  use  in  the  laboratory  and  clinical  investigation  of  dental  materials,  since 
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a  much  smaller  number  of  specimens  is  required  than  in  a  conventional  de¬ 
structive  test,  a  continuous  record  of  changing  properties  can  be  obtained,  and 
small  volumes  of  material  can  be  used.  In  addition,  the  effect  of  nonuni¬ 
formity  on  service  behavior  can  be  estimated.  The  technics  which  are  in 
current  use  in  the  nondestructive  testing  field  have  been  evaluated  for  their 
suitability  to  the  pre.sent  application  and  two  methods  are  being  investigated. 
In  the  first,  a  small  specimen,  clamped  at  one  end,  is  mechanically  excited  into 
resonance.  The  resonant  frequency  and  damping  capacity  of  the  specimen 
are  recorded.  The  former  is  used  to  calculate  a  Youngs  modulus  and  the 
latter  to  follow  structural  changes  such  as  those  which  occur  during  the 
polymerization  of  a  cold-curing  acrylic  material.  The  same  apparatus  can  be 
used  to  study  wddely  different  mateiials,  e.g.,  values  of  dynamic  Youngs 
moduli  of  17.2,  3.7,  and  0.45  x  10  sec.  dynes/cm. ^  for  stainless  steel,  dental 
stone,  and  polymethyl  methacrylate,  respectively,  have  been  obtained,  which 
compare  closely  with  values  obtained  by  more  tedious  conventional  methods. 

42.  IjOW  Silver  Dental  Amalgam. — A.  B.  Shelmerdine,  Turner  Dental 
School,  Manchester.  A  comparative  investigation  of  the  mechanical  and  physi¬ 
cal  properties  of  amalgams  made  from  three  low  silver  alloys  (47  to  50  per 
cent)  and  two  of  the  more  usual  high  silver  (>  65  per  cent)  alloys  has  been 
carried  out  (using  the  methods  laid  down  in  British  Standard  2938).  The  maxi¬ 
mum  crashing  strength  developed  by  any  of  the  low  Ag  amalgams  was  about  60 
per  cent  of  that  for  the  high  Ag  amalgams.  The  crushing  strength  of  the  former 
after  1  hour  was  1,000  to  3,200  psi  compared  to  7,000  to  10,000  psi  for  the  latter. 
The  slow  rate  of  set  of  the  low  silver  amalgams,  which  is  indicated  by  these 
re.sults,  is  shown  also  by  their  high  flow — approximately  20  per  cent.  The  amal¬ 
gams  show'  a  large  volumetric  contraction  on  setting  (30  to  60  fi  per  centimeter), 
although  in  certain  circumstances  it  appears  possible  to  produce  an  expansion. 
The  residual  mercury  in  the  low  silver  was  30  to  35  per  cent  as  opposed  to  50 
to  55  per  cent  in  the  high  silver  amalgams.  The  average  particle  size  of  the 
fonner  alloys  was  larger  which  made  carving  more  difficult.  The  mechanical 
and  manipulative  properties  of  these  alloys  are  in  general  inferior  to  the  high 
silver  alloys,  yet  they  have  been  used  in  clinical  practice  for  many  years,  espe¬ 
cially  in  Europe.  Although  these  amalgams  are  not  acceptable  by  Specification 
standards,  it  is  not  yet  known  if  their  properties  fall  outside  the  limiting  physi¬ 
cal  and  mechanical  properties  required  in  a  satisfactoiw'  amalgam  restoration. 
To  clarify  this  situation  a  clinical  comparative  investigation  has  been  initiated. 

43.  The  Setting  and  Thermal  Expansion  of  Investments  for  Casting 
Cobai.t-Chromium  A1.LOYS. — B.  Earnshaxv,  Turner  Dental  School,  Manchester. 
A  method  has  been  developixl  of  measuring  all  dimensional  changes  occurring  in 
a  given  investment,  by  means  of  continuous  observations  on  the  one  specimen 
during  setting,  heating,  and  cooling.  All  measurements  were  made  on  cylindri¬ 
cal  specimens,  1.5  cm.  in  diameter,  with  a  gauge  length  of  5  to  7  cm.  The  in¬ 
vestment  set  in  a  mold  made  of  the  duplicating  material,  supplied  by  the  manu¬ 
facturer,  and  measurements  of  setting  expansion  were  made  by  a  method  which 
imposed  a  load  of  only  0.5  gram  on  the  specimen.  Thermal  expansion  measure¬ 
ments  were  made  in  a  vitreous  silica  dilatometer  which  applied  a  load  of  31 
grams  to  the  specimen.  Silica-lxmded  quartz  investments  had  the  lowest  total 
expansions,  at  about  1.5  jier  cent.  Silica-bonded  cristobalite  investments  and 
phosphate-bonded  investments  had  total  exjiansions  of  about  1.75  per  cent. 


44.  Flow'  and  Elastic  Properties  of  Alginate  Impression  Materials. — 
J.  N.  Anderson,  University  of  St.  Andrews,  Dental  School,  Dundee.  During 
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manipulation,  and  when  testing  irreversible  elastic  impression  materials,  three 
physical  states  are  recognized:  (1)  plastic,  (2)  neither  plastic  nor  elastic, 
and  (3)  elastic.  The  accurate  determination  of  the  end  of  Stage  1  and  the 
beginning  of  Stage  3  is  important,  as  any  change  of  shape  during  Stage  2, 
either  by  manipulation  or  by  removal  of  the  impression  from  the  mouth,  will 
produce  permanent  deformation  of  the  impression.  A  method  was  devised 
using  an  extrusion  viscometer  (Halton  and  Usher,  Wheat  Studies  16:  243, 
1938)  for  determining  the  changing  flow  properties  during  Stage  1.  It  was 
found  that  with  the  alginate  materials  cessation  of  flow  in  this  test  also  indi¬ 
cated  the  beginning  of  “elastic  memory,”  that  is,  the  end  of  the  period  of 
accurate  manipulation.  Immediately  after  Stage  1,  elasticity  was  measured 
by  determining  permanent  set  after  10  per  cent  strain  under  compression. 
The  development  of  ela.sticity  in  consecutive  specimens  was  determined.  A 
composite  graph  showing  relative  viscosity  and  development  of  elasticity  on 
the  same  time  basis  gives  a  comparison  between  materials  during  the  cmcial 
stages  of  their  manipulation. 

45.  The  Relationship  of  Amaloa.m  to  the  Cavity  Wall. — S.  D.  Ilatt, 
Turner  Dental  School,  Manchester.  Wainwright,  Taylor,  Marlis,  and  Villanyi 
(I.A.D.R.,  Preprinted  abstracts,  76,  1957)  have  shown  that  amalgam  restorations 
exhibit  microleakage.  The  purpo.se  of  the  present  investigation  is  to  analyze  the 
surface  of  amalgam  restorations  with  the  Taylor  Hobson  Talysurf  in  order  to 
determine  whether  variations  in  the  amount  of  mercury  expelled  from  the  re¬ 
cently  triturated  amalgam  and  the  method  of  condensation  affected  the 
adaptation  of  the  material  to  the  cavity  surface.  So  long  as  the  amount  of 
mercury  expelled  was  within  the  range  of  20  to  25  per  cent  of  the  original 
quantity  of  mercury,  in  the  case  of  hand  condensation  technics,  and  25  to  30 
per  cent  for  mechanical  condensation,  it  was  found  that  this  variable  had  a 
relatively  in.significant  effect  upon  the  relationship  of  amalgam  to  the  cavity 
surface.  Variation  of  the  condensation  procedures,  on  the  other  hand,  did 
have  a  marked  influence  on  this  relationship.  The  ideal  pressure  required 
in  the  hand  condensation  technics  was  found  to  be  2,800  psi.  U.sing  a  con¬ 
denser  point  whose  outline  enabled  it  to  gain  access  to  the  line  angles  of  the 
cavity  and  to  the  angle  formed  by  the  cavo.surface  angle  and  the  matrix  band, 
the  average  size  of  the  spaces  between  the  amalgam  restoration  and  the  cavity 
wall  was  61  micro  inches,  and  along  the  cavosurface  angle  it  was  76  micro 
inches,  whereas,  using  a  condenser  point  circular  in  outline,  the  respective 
figures  were  61  and  140  micro  inches.  The  best  results  were  obtained  using 
the  Dentatus  Vibrator,  confirming  McHugh’s  findings  (Hrit.  I).  J.  99:  44, 
1955).  Using  this  instrument,  the  average  size  of  the  spaces  between  the 
amalgam  and  the  cavity  wall  was  25  micro  inches,  and  along  the  cavosurface 
angle  it  was  38  micro  inches. 

46.  Vascular  Relationships  of  the  Dental  IjA.mina  During  Early  De¬ 
velopment. — IV.  A.  Gaunt,  M.R.C.  External  Staff,  Department  of  Zoology, 
Royal  Holloway  College,  Engle  field  Green,  Surrey.  Observations  of  capillary 
density  along  the  jaw  of  the  cat  provide  a  reliable  guide  to  the  future  site  of 
formation  of  the  lamina.  Once  the  lamina  is  established,  and  prior  to  the  ap¬ 
pearance  of  tooth  buds,  higher  cajiillary  densities  coincide  with  the  future 
odontogenetic  regions.  In  the  bud  stage,  the  capillary  plexus  is  confined  en¬ 
tirely  to  the  surface  of  the  perilaminar  mesenchyme,  and  it  is  only  from  the 
cap  stage  on  that  blood  vessels  jienetrate  into  the  mesenchyme  mass.  The 
capillary  plexus  is  supplied  by  the  mandibular  and  sublingual  arteries  which, 
in  the  later  developmental  stages,  freely  anastomose.  Vessels  entering  the 
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pulpal  tissue  in  the  cap  and  subsequent  stages  originate  from  a  single,  some¬ 
times  paired,  subodontal  vessel,  running  the  length  of  the  tooth  on  the  surface 
of  the  pulp.  This  vessel  is  supplied  by  tributaries  of  the  mandibular  artery 
via  foramina  in  the  roof  of  the  mandibular  canal.  Prior  to  fenestration  of 
the  lamina,  capillaries  abut  against  its  lingual  and  buccal  surfaces,  immedi¬ 
ately  beneath  the  gingival  epithelium,  and  orally  to  the  follicle.  Disruption 
of  the  lamina  in  the  diastema  and  between  the  teeth  first  commences  in  this 
position,  and  the  vessels  appear  to  be  a  contributory  factor  in  fenestration. 
Free  anastomosis  of  the  vessels  occurs  via  the  fenestrae. 

47.  The  Development  of  the  Enamel  Organ  in  Human  Deciduous 
Molar  Tooth  Germs. — E.  P.  Turner,  Turner  Dental  School,  University  of 
Manchester.  Descriptions  of  the  development  of  the  enamel  organ  from  the 
so-called  cap  to  the  bell  stage  infer  that  this  is  the  result  of  even  growth  at 
the  periphery  or  rim  of  the  cap,  so  that  the  bell  stage  is  reached  uniformly 
throughout  the  enamel  organ  and  from  the  bell  stage  onward  growth  is  mainly 
in  depth.  Reconstructions  prepared  from  serial  sections  of  human  deciduous 
molars  at  different  stages  of  development  indicate  that  the  bell  stage  is  not 
reached  uniformly,  but  forms  first  at  the  mesial  aspect  while  distal  develop¬ 
ment  of  the  tooth  germ  is  still  taking  place  and  its  increase  in  length  con¬ 
tinues.  The  final  width  of  the  enamel  organ  is  not  reached  at  the  bell  stage, 
but  appears  to  be  related  to  cusp  development  so  that  as  each  cusp  forms  the 
enamel  organ  increases  in  width.  This  eccentric  development  appears  to  be 
related  to  growth  of  the  jaws.  For  example,  at  the  early  bell  stage  of  molar 
tooth  germ  development  the  jaws  would  be  insufficient  in  size  to  accommodate 
the  fully  developed  enamel  organs:  this  increase  in  size  of  both  structures 
appears  to  be  related  and  may  be  taken  as  further  evidence  of  enlargement 
of  the  enamel  organ  in  length  and  width  during  the  bell  stage. 

48.  Tooth  Migration  in  the  Pig:  A  Prex,iminary  Report. — D.  Adams, 
Anatomy  Department,  University  of  Edinburgh.  Serial  radiographs  were 
used  to  study  tooth  movements  in  a  pig  from  12  weeks  old  to  30  weeks,  after 
placing  lead  markers  in  the  mandible  to  enable  accurate  superimpositions  to 
be  made.  A  cephalostat  was  designed  to  hold  the  head  in  such  a  way  that 
oblique  lateral  jaw  films  could  be  taken.  By  this  method  the  teeth  on  the 
side  under  investigation  could  be  easily  identified.  True  oeclusals  were  used 
to  check  the  findings.  No  forward  movement  of  the  cheek  teeth  relative  to 
the'  markers  occurred  though  an  upward  movement  did  take  place.  Bone  was 
laid  down  at  the  lower  border  of  the  mandible  while  the  anterior  border  of 
the  ascending  ramus  retreated  from  a  position  above  the  mesial  cusp  of  the 
first  permanent  molar  until  it  lay  behind  the  second  permanent  molar.  The 
study  indicates  that  resorption  of  the  anterior  border  of  the  ascending  ramus 
plays  the  major  role  in  providing  room  for  the  first  permanent  molar  to  erupt 
and  that  forward  movement  of  the  cheek  teeth  does  not  play  any  part  in  the 
process. 

49.  The  Incidence  of  Enamel  Pearls  in  Human  Molar  Teeth. — J.  A. 
Pedler,  Department  of  Dental  Pathology,  London  Hospital  Dental  School.  The 
frequency  with  which  enamel  formations  described  as  pearls  or  nodules  are 
present  in  the  roots  of  multirooted  teeth  has  been  variously  described  as  from 
“rare”  (Thoma,  Oral  Pathology,  ed.  2,  Kimpton,  London,  1954)  to  about  50 
per  cent  in  molar  bifurcations  (Gollner,  Deutsch.  Monatschr.  Zahn.  225,  1928). 
Radicular  enamel  nodules  have  been  observed  as  a  common  finding  in  the 
course  of  a  routine  dental  pathologic  service,  and  the  present  investigation 
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set  out  to  establish  whether  they  should  be  regarded  as  an  anomaly  or  as 
structures  normal  to  the  formation  of  multirooted  teeth.  Forty  lower  molar 
teeth  with  2  well-formed  roots,  extracted  from  young  individuals,  were  de¬ 
calcified  and  serially  sectioned  in  a  buccolingual  plane  through  the  region  of 
the  bifurcation.  Enamel  nodules  were  found  in  37  teeth  (92.5  per  cent).  In 
11  teeth,  the  nodules  were  single  and  26  teeth  had  2  or  more.  A  total  of  91 
nodules  was  found  in  the  sample.  A  common  site  was  close  to  the  point  of 
fusion  of  the  buccal  and  lingual  dentine  processes  of  the  subpulpal  wall  and 
along  a  narrow  band  from  this  point  to  the  mid-points  of  the  buccal  and  lin¬ 
gual  amelocemental  junctions.  All  nodules  were  formed  directly  on  dentine 
and,  in  all  but  one,  remnants  of  enamel  matrix  were  found.  Cementum  com¬ 
pletely  covered  44  per  cent,  partly  covered  16  per  cent,  and  40  per  cent  were 
uncovered.  Deeply  hematoxyphil  calcospherite-like  bodies  were  found  either 
in  the  soft  connective  tissues  or  cementum  in  relation  to  the  nodules  in  79 
per  cent  of  instances. 

50.  A  Preliminary  Report  on  the  Re.sponse  of  the  Human  Dental  Pulp 
TO  THE  Use  of  Ultra  High-Speed  Rotary  Instruments. — D.  S.  Shovelton  and 
E.  A.  Marsland,  School  of  Dental  Surgery,  University  of  Birmingham.  Cavities 
were  prepared  in  28  caries-free  young  permanent  teeth  using  the  Borden 
Airotor  at  maximum  air  pressure  with  water-air  spray  coolant.  When  teeth 
were  not  extracted  immediately,  the  cavities  were  filled  with  zinc  oxide  and 
eugenol.  In  teeth  extracted  immediately  after  cavity  preparation,  moderate 
degrees  of  vacuolization  of  the  odontoblast  layer  and  disruption  of  the  pulpo- 
dentinal  membrane  were  seen.  Using  tungsten  carbide  burs,  changes  in  the 
first  10  days  included  some  displacement  of  odontoblast  nuclei  into  dentinal 
tubules,  slight  degrees  of  hyperemia,  and  localized  accumulations  of  chronic 
inflammatory  cells  some  distance  away  from  the  cavity.  Inflammatory  infil¬ 
tration  was  not  seen  in  pulps  beneath  cavities  prepared  with  diamond  instru¬ 
ments  until  a  later  stage.  Within  the  next  7  to  10  days,  early  secondary  den¬ 
tine  formation  could  be  seen  beneath  cavities  of  moderate  depth  prepared  with 
tungsten  carbide  burs  and  somewhat  later  under  cavities  prepared  with  dia¬ 
mond  instruments.  Cavity  depth  influenced  the  degree  of  reaction.  Second¬ 
ary  dentine  formation  started  later  in  association  with  deep  cavities  and  it 
tended  to  be  more  poorly  formed  than  that  beneath  shallower  cavities.  Ex¬ 
tensive  degeneration  of  the  odontoblasts  was  seen  6  to  8  weeks  after  cavity 
preparation  with  diamond  instruments. 

51.  The  Pathogenicity  of  Candida  Strains  for  Rabbits. — K.  B.  Lucas, 
Royal  Dental  Hospital  of  London  School  of  Dental  Surgery.  Strains  of  Candida 
isolated  from  the  mouth  have  been  investigated  for  animal  pathogenicity.  Of 
the  28  strains  so  far  tested,  26  have  proved  lethal  to  rabbits  on  intravenous 
injection  of  1  ml.  of  a  saline  suspension  containing  15  million  fungal  cells  per 
milliliter.  Death  of  the  injected  animals  occurs  within  2  to  5  days  with  lesions 
in  most  tissues,  although  particularly  in  the  heart  and  kidneys.  In  animals 
killed  6  hours  after  injection,  fungal  cells  can  be  seen  in  the  tissues,  but  there 
is  little  evidence  of  cellular  reaction  at  this  stage.  By  24  hours,  small  ab¬ 
scesses  have  formed,  with  necrosis  of  tissue  cells  and  infiltration  by  poly¬ 
morphs  and  some  mononuclears.  These  foci  enlarge  with  proliferation  of  the 
organism  and  pi*oduction  of  mycelium.  The  abscesses  are  particularly  numer¬ 
ous  in  the  kidney,  especially  in  the  cortex,  and  both  the  glomeruli  and  the 
tubules  are  involved.  In  the  heart,  numerous  abscesses  are  scattered  through¬ 
out  the  myocardium.  Lesions  in  other  organs  tend  to  be  less  numerous,  but 
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are  of  similar  nature.  All  the  strains  which  proved  pathogenic  to  rabbits  de¬ 
veloped  chlamydospores  on  cornmeal  agar  cultures  while  the  two  nonpatho- 
genic  strains  did  not  spore.  The  fermentation  reactions  and  cultural  appear¬ 
ances  of  the  strains  have  not  been  characteristic,  however,  and  further  in¬ 
vestigation  is  proceeding. 

52.  Sr""  Burden  in  Dental  Tissues.— Siirgreon  Captain  (D)  W.  Holgate, 
R.N.,  Royal  Naval  Medical  School,  Alverstoke,  Hants.  Sr®"  is  a  radioactive 
isotope  with  a  half-life  of  28  years.  It  can  be  incorporated  into  tissues  which 
are  undergoing  active  calcification.  In  weanling  rabbits,  after  the  injection 
of  a  single  dose  of  100  pc  Sr®"  per  kilogram  of  weight,  the  isotope  burden  in 
the  teeth  showed  a  rise  for  at  least  30  days  and  then  fell  when  the  layers  of 
tooth  substance  containing  the  Sr®"  erupted  into  occlusion  and  were  worn 
away  by  attrition.  The  content  of  the  femur  dropped  steadily  from  8  hours 
after  administration.  This  accumulation  in  the  teeth  is  attributed  to  the  libera¬ 
tion  of  Sr®"  into  the  blood  stream  during  the  normal  remodeling  process  of 
the  bone.  In  rabbits,  the  freed  isotope  enters  the  constantly  calcifying  teeth 
where  no  remodeling  takes  place.  An  accumulation  of  the  isotope  in  the  teeth 
of  rabbits  fed  daily  pellet  doses  of  Sr®"  over  a  long  period  can  be  seen  auto- 
radiographically.  In  species  of  animals  where  the  teeth  do  not  grow  from  per¬ 
sistent  pulps  a  similar  accumulation  of  Sr®"  should  occur  in  the  young  during 
the  process  of  calcification  of  the  teeth  and  remodeling  of  bone  (Holgate,  Mole, 
and  Vaughan,  Nature  182:  1294,  1958).  Interference  with  eruption  appears 
to  take  place  in  rabbits  injected  with  doses  of  600  pc  Sr®"  per  kilogram  and 
the  resulting  stasis  intensifies  the  radiation  effect  of  the  strontium  contained 
in  the  teeth.  At  this  high  dose  level,  this  may  be  a  factor  in  tbe  development 
of  jaw  tumors  observed  by  Owen,  Sissions,  and  Vaughan  (Brit.  J.  Cancer  11: 
229,  1957). 

53.  Sr®":  Effects  on  Teeth  and  Mandible  of  Rabbits. — M.  A.  Rushton, 
Guy’s  Hospital,  London.  Owen,  Siasons,  and  Vaughan  (Brit.  J.  Cancer  11: 
229,  1957)  show^ed  that,  in  weanling  rabbits  injected  with  Sr"",  osteosarcoma 
developed  in  relation  to  sites  of  maximum  retention  of  Sr®".  Material  now 
examined  histologically  was  obtaincKl  from  further  experiments  by  Vaugban 
and  has  been  examined  by  other  methods  by  R.  Mole  and  W.  Holgate.  Wean¬ 
ling  rabbits  had  been  injected  with  a  single  intravenous  dose  of  600  pc  per  kilo¬ 
gram  of  Sr®"  and  killed  after  3,  9,  30,  90,  130  days.  Retardation  of  grow’th 
of  dental  pulps  was  well  marked  at  30  days  but  dentine  matrix  formation  con¬ 
tinued,  becoming  more  disorderly  with  inclusion  of  capillaries  and  cells  until, 
at  90  days  after  injection,  teeth  w^ere  solid  with  only  remnants  of  pulp  at  their 
base.  They  had  almost  ceased  to  grow  and  erupt.  Bone  formation  on  inter¬ 
dental  spines  was  arrested  and  many  osteocytes  disappeared;  .slow  re.sorption 
continued  but  normal  remodeling  did  not.  Interdental  gingivae  were  necrotic. 
A  vigorous  pleomorphic  osteogenic  proliferation  commenced  between  30  and 
90  days  after  injection  from  surfaces  of  bone  nearast  the  ba.ses  of  the  teeth  and 
invaded  the  periodontal  membrane,  apparently  raising  the  teeth  slightly  in 
their  sockets.  In  the  animal  which  died  at  130  days,  pleomorphic  growth  was 
continuing  and  was  also  seen  among  cementoblasts.  Around  cheek  teeth,  peri¬ 
odontal  membranes  had  become  narrowed  by  new  bone  extending  from  the  ba.ses 
of  the  sockets.  A  ver\^  cellular  proliferation  had  arisen  from  the  base  of  the 
.socket  of  the  now  atrophic  lower  incisor  and  invaded  periodontal  membrane 
and  neighljoring  marrow.  It  is  presumed  .sarcomatous. 
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54.  Periodontal  Disease  in  Hill  Sheep — A  Trial  With  Vitamin  D  and 
Further  Observations  on  Occlusion. — A.  D.  Hitchin,  Dundee  Dental  School, 
University  of  St.  Andrews,  and  J.  Walker-Love,  West  of  Scotland  Agricultural 
College,  Auchincruive.  Three  types  of  occlusion  in  sheep  have  been  described 
and  in  Type  2,  in  which  the  incisors  occlude  on  to  the  front  of  the  maxillary 
pad,  a  greater  susceptibility  to  periodontal  disease  has  been  suggested 
(Hitchin,  Dent.  Rec.  58:  251,  1948).  Other  possible  causes  were  not  excluded. 
The  late  Dr.  G.  Dunlop,  because  of  the  heavy  drain  on  the  calcium  metabolism 
of  the  ewe  when  bearing  a  lamb  and  possibly  because  of  the  animal’s  being 
buried  in  snow  for  part  of  the  gestation  period,  suggested  the  trial  of  heavy 
doses  of  calciferol.  Forty-five  ewe  lambs  from  a  susceptible  Blackface  flock 
(Hitchin,  Dent.  Pract.  7:  172,  1957)  were  given  2,0(X),()00  international  units 
of  vitamin  D  on  six  well-separated  occasions  and  45  ewe  lambs  on  the  same 
hill  were  kept  as  controls.  When  cast  at  5V^  years,  the  dosed  ewes  showed 
36.1  per  cent  and  the  controls  42.2  per  cent  with  abnormal  incisal  mobility — 
an  insignificant  difference.  In  7  of  the  dosed  ewes,  incisors  had  been  lost 
from  periodontal  disease,  whereas  only  5  of  the  undosed  had  missing  teeth. 
When  the  dosed  and  undosed  sheep  were  grouped  together  and  examined  ac¬ 
cording  to  occlusion,  18.2  per  cent  of  Type  1  and  W.8  per  cent  of  Type  2 
showed  abnormal  incisal  mobility  and  12  out  of  37  of  those  with  Type  2  had 
lost  teeth  from  periodontal  breakdown,  but  all  the  Type  1  ewes  had  their  full 
complement  of  incisors.  Vitamin  D,  as  administered,  had  therefore  no  pre¬ 
ventive  effect;  but  Type  2  occlusion  is  a  predisposing  cause  of  periodontal 
disease  in  hill  sheep. 

55.  Eruption  Pattern  of  the  Fulst  Permanent  Molar  in  the  Prediction 
OF  Malocclusion. — J.  Miller,  Turner  Dental  School,  Manchester.  The  eruption 
of  all  the  first  permanent  molars  was  obsei^'ed  in  94  boys  and  in  87  girls. 
Eruption  did  occur  as  early  as  41/2  years  or  as  late  as  years.  Mean  ages 
for  eruption  in  boys  were:  uppers  6.21  yr.,  S.D.  0.66;  lowers  6.15  yr.,  S.D. 
0.66 — in  girls:  uppers  6.1  yr.,  S.D.  0.63;  lowers  6.05  yr.,  S.D.  0.61.  Thirty- 
eight  per  cent  of  lower  molars  erupted  before  the  upper ;  25  per  cent  of  upper 
molars  preceded  their  opponent.  Of  120  children  in  whom  one  or  more  upper 
first  permanent  molars  preceded  their  opponents,  58  per  cent  subsequently 
had  a  Class  II  malocclusion;  this  group  of  children  did  not  suffer  premature 
loss  of  the  upper  second  deciduous  molar  to  a  greater  extent  than  the  42  per 
cent  of  children  who  did  not  develop  Class  II  malocclusion.  The  incidence  of 
(^lass  II  malocclusion  in  the  control  population  of  1,(X)0  children  did  not  ex¬ 
ceed  25  per  cent.  Both  in  the  group  of  120  children  and  in  the  control  popu¬ 
lation  there  was  a  higher  percentage  of  girls  with  a  Class  II  malocclusion 
than  boys. 

56.  A  Doublf.-Blind  Controlled  Clinicai,  Trial  of  the  Effect  of  Hydro¬ 
cortisone  Hemi-Succinate  on  Recurrent  Mikulicz’s  Aphthae. — B.  E.  D. 
Cooke,  Department  of  Dental  Medicine,  Guy’s  Hospital,  London.  A  recent 
report  (Truelove  and  Morris-Owen,  Brit.  M.  J.  1:  603,  1958)  suggests  that 
tablets  containing  2.5  mg.  of  hydrocortisone  hemi-succinate  and  with  a  lactose 
base  are  effective  in  the  treatment  of  recurrent  oral  ulcers.  The  present  study 
involves  15  patients  thought  to  be  suffering  from  the  same  type  of  ulceration 
of  the  nonkeratinized  mucosa,  without  any  vesicular  stage.  Each  patient 
kept  a  written  record  of  the  time  each  ulcer  lasted,  its  site,  and  relative  size 
during  the  trial.  At  the  start  every  patient  kept  such  a  record  for  at  least 
a  month,  and  then  he  was  allotted  tablets  A  or  B  from  a  random  list  of 
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numbers.  During  the  trial  it  was  not  known  which  of  the  two  tablets  con¬ 
tained  the  hydrocortisone  hemi-succinate  and  which  was  the  placebo.  The 
patients  were  told  that  two  preparations  were  being  tested.  They  were  to 
suck  four  tablets  a  day  in  the  region  of  the  ulcers  when  the  ulcers  were  pres¬ 
ent  and  two  tablets  a  day  when  they  were  not.  They  did  this  for  8  weeks. 
Then  followed  2  weeks  with  tablets  A  if  they  had  had  tablets  B  in  the  first 
trial  period  or  vice  versa.  Results  shown  to  be  statistically  significant  by  Dr. 
P.  Armitage  reveal  that  there  is  a  50  per  cent  reduction  by  the  drug,  as 
against  the  placebo,  of  ulcer  days  (sum  total  of  duration  in  days  of  all  ulcers) 
and  of  new  ulcers  per  patient  per  8-week  period. 

57.  Use  op  Calcium  Alginate  Wool  as  a  Swabbing  Matfjual. — G.  Col- 
man,  Turner  Dental  School,  Manchester.  Recovery  of  stock  strains  of  micro¬ 
organisms  was  found  to  be  consistently  higher  from  calcium  alginate  wool 
than  from  either  paper  points  or  nonabsorbent  cotton  wool.  The  use  of  this 
material  in  quantitative  studies  on  the  fiora  of  infected  root  canals  therefore 
seems  justified.  As  all  cultures  can  be  carried  out  on  solid  media,  the  problem 
of  overgrowth  in  liquid  or  semisolid  media  can  be  avoided. 
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FOOD  CONSUMPTION  AND  DENTAL  CARIES  IN 
SALIVARIADENECTOMIZED  AND 
DUCT-LIGATED  RATS 

DAVID  BIXLER,  JOSEPH  C.  MUHLEB,  AND  WILLIAM  G.  SHAFER 
School  of  Dentistry,  Indiana  University,  Indianapolis,  Ind. 

PREVIOUS  studies  have  indicated  that  li(;ation  of  the  major  salivary  gland  ducts 
of  the  rat  protluces  a  significantly  higher  dental  caries  incidence  than  surgical  removal 
of  the  same  major  salivary  glands  (Muhler  and  Shafer,  J.  I).  Res.  3fi:  88fi,  1957).  The 
reason  for  this  repeate<l  observation  is  unknown.  This  experiment  was  designed  to  test 
the  possibility  that  a  lower  food  consumption  in  the  salivariadenectomized  rats,  as  com¬ 
pared  to  the  ligated  rats,  accounts  for  this  difference. 

Experimental  Methods. — One  hundred  and  sixty-one  weanling  male  Sprague-Dawley 
strain  rats  were  divided  equally  into  four  groups  according  to  initial  body  weight.  Group 
I  was  salivariadenectomized  by  methods  previously  described  (Bixler  et  al.,  J.  Nutrit. 
52:  345,  1954)  and  fed  a  stock  com  cariogenic  diet  ad  libitum.  Group  II  was  similarly 
salivariadenectomized  but  the  food  consumption  was  measured  and  paired  each  day  to 
its  comparable  mate  in  Group  III.  The  animals  in  Group  III  had  their  major  salivaiy 
gland  ducts  ligated.  The  parotid  ducts  were  ligated  in  the  area  where  they  cross  the 
ina.sseter  muscle  with  the  facial  nerve.  The  submaxillaiy  and  sublingual  ducts  were 
ligatetl  just  proximal  to  their  juncture  as  a  single  duct.  Group  IV  was  unoperated  and 
served  as  a  control.  All  animals  were  fed  a  stock  com  cariogenic  diet  (Muhler  and 
Bixler,  J.  1).  Res.  37:  410,  1958),  and  fluoride-low  drinking  water  (0,05  /ig/ml.)  was 
available  ad  libitum.  After  100  days  the  animals  were  .sacrifice<l  and  the  heads  fixed  in 
foraialin  for  subsequent  caries  evaluation  by  methods  previously  de8cribe<l  (Muhler  et  al., 
.1.  1).  Res.  33:  33,  1954). 

Besults  and  Discussion. — The  data  in  the  table  reveal  that  when  salivariadenectomized 
and  duct-ligated  rats  had  their  daily  food  consumption  matched,  they  appeareil  to  gain 
the  same  amount  of  weight.  In  previous  studies,  salivariadenectomize<l  and  ligated  rats 
did  not  gain  comparable  amounts  of  weight  over  the  same  experimental  period  (Shafer 
et  al.,  J.  D.  Res.  37:  848,  1958).  The  results  seen  here  suggest  that  this  problem  may 
be  directly  relate<l  to  daily  foml  consumption.  It  was  also  noted  that  the  ligated  animals 
desired  a  greater  daily  food  intake  during  the  first  2  to  3  weeks  on  the  experiment.  Sub¬ 
sequently,  however,  the  salivaria<lenectomized  animals  desired  more  food  and  were 
restricted  in  onler  to  match  the  food  consumption  of  the  ligated  rats. 


GROUP 

NO. 

ANIMALS 

FINAL  BODY 
WEIGHT 

1  (OM.) 

WEIGHT  1 
GAIN 

(OM.)  1 

FOOD 

CONSUMPTION 

(gm./day) 

MEAN 

NO. 

LESIONS 

Desalivated  rats 

34 

264 

211 

14.9 

7.5 

Sal  i  var  iadenectomized 

matched  to  ligated  rats 

41 

255 

205 

14.7 

8.1 

Ligated  matched  to  salivari- 

adenectomized  rats 

35 

266 

214 

14.4 

15.8 

Control 

41 

273 

218 

15.1 

3.7 

Surgical  removal  of  the  major  salivary  glands  resulted  in  a  100  per  cent  increase 
in  the  dental  caries  incidence  when  compared  to  the  controls.  Similarly,  the  match-fed 
salivariadenectomized  rats  had  a  dental  caries  score  almost  identical  to  the  same  operated 
rats  fed  ad  libitum.  On  the  other  hand,  the  ligated  rats  which  were  match-fed  with 
the  salivariadenectomized  animals  had  a  dental  caries  score  almost  twice  as  great  as  the 
salivariadenectomized  rats. 

This  study  'nas  supported  in  part  by  a  grrant.  No.  D-807,  from  the  Department  of  Health. 
Education,  and  Welfare,  U.S.  Public  Health  Service. 

Received  for  publication  March  5,  1959;  revised  by  authors  Sept.  21,  1959. 

'Short  notes  with  or  without  illustrations  submitted  to  this  section  are  reviewed  and 
published  promptly  on  one  page  of  the  Journal  in  accordance  with  the  previously  announced 
editorial  policy  (J.  D.  Xes.  S7:  373,  1958). 
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EFFECT  OF  STANNOUS  FLUORIDE  DENTIFRICE  FOLLOWING 
TOPICAL  STANNOUS  FLUORIDE  APPLICATION  ON  DENTAL 
CARIES  AND  ENAMEL  SOLUBILITY  IN  THE  RAT 
JOSEPH  C,  MUHLER 

Department  of  Biochemistry,  Indiana  University  Medical  Center,  Indiana  University, 

Indianapolis,  Ind. 

IT  WAS  of  interest  to  learn  if  the  use  of  a  stannous  fluoride  dentifrice  might  prolong  the 
anticariogenic  effectiveness  of  the  topical  fluoride  application  in  rats. 

A  total  of  134  weanling  male  Sprague- Da wley  strain  rats  were  divided  into  four 
groups  as  shown  in  the  table.  Topical  applications  were  performed  with  cotton  applica¬ 
tors,  and  the  brushing  was  done  with  toothbrushes,  cut  so  they  could  be  used  in  the  rat’s 
oral  cavity.  The  animals  were  housed  in  pairs  in  raised  screen  cages  in  an  air-conditioned 
room,  and  received  a  stock  corn  eariogenic  diet  (Proc.  Soc.  Exper.  Biol.  &  Med.  93:  328, 
1956),  and  fluoride-low  redistilled  water  ad  libitum  for  100  days.  At  the  end  of  the  ex¬ 
perimental  period  the  animals  were  sacrificed  and  the  heads  were  removed  for  dental 
caries  evaluation  (J.  1).  Res.  33:  33,  1954).  The  solubility  measurements  were  made  by 
estimating  the  amount  of  phosphate  remove<l  (.1.  I).  Res.  36:  897,  1957). 


DENTAL  CARIES  EXPERIENCE  | 

ENAMEL  SOLUBILITY 

REDUCTION 

REDUCTION 

NO. 

MEAN 

OF 

IN  SOLU- 

OF 

NO.  OP 

CARIES 

MEAN 

BILITY 

GROUP 

RATS 

LESIONS 

(%) 

(%) 

I.  One  topical  application  of 
distilled  water  per  week 

29 

7.5  + 0.5 1 

— 

— 

56  ±  5.0 

— 

II.  One  topical  application  of 
SnFj  per  week 

23 

5.5  ±  0.2 

27 

0.05 

24  ±  1.0 

57 

III.  One  topical  application  of 
SnF,  per  week  plus  daily 
brushing  with  a  SnF, 
dentifrice 

28 

4.6  ±  0.4 

39 

0.03 

9  ±0.6 

84 

IV.  One  topical  application  of 
SnF,  per  week  plus  daily 
brushing  with  a  control 
dentifrice 

25 

5.9  ±  0.4 

21 

0.05 

36  ±  4.0 

36 

•Calculated  on  the  basis  of  the  “t”  test. 
tStandard  deviation. 


In  all  of  the  fluoride-treated  groups  there  was  a  significant  (p  =  0.04)  re<luction 
in  dental  caries.  These  data  would  suggest  that  the  use  of  the  combination  of  topical 
application  and  dentifrice  was  more  effective  as  an  anticariogenic  procedure  than  the  use 
of  the  topical  application  alone. 

There  was  a  direct  correlation  between  the  anticariogenic  effectiveness  of  the  vari¬ 
ous  treatments  and  their  ability  to  reduce  whole  rat  molar  solubility.  These  data  show 
that  the  use  of  the  stannous  fluoride  dentifrice  not  only  maintained  the  high  level  of  in¬ 
tact  rat  enamel  antisolubility,  as  induced  by  the  topical  stannous  fluoride  treatment,  but 
that,  in  fact,  it  increased  it. 

This  study  was  supported  in  part  by  a  grant  from  The  Procter  and  Gamble  Company, 
Cincinnati,  Ohio. 

Received  for  pubiication  April  3,  1959  ;  revised  by  author  Sept.  16,  1959. 
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PAROTID  SALIVA,  SERUM,  AND  URINE  17-HYDROXYCORTICO- 
STEROIDS  FOLLOWING  A  TWO-HOUR  INTRAVENOUS 
INFUSION  OF  ADRENOCORTICOTROPIN 

IRA  L.  SHANNON,  JOHN  R.  PRIGilORE,  ROBERT  A.  BROOKS,  AND 
RALPH  P.  FELLER 

Departments  of  Experimental  Dentistry  and  Pathology,  School  of  Aviation  Medicine,  TJSAF, 

Brooks  Air  Force  Base,  Texas 

PREVIOUS  reports  from  our  laboratories  have  described  the  alterations  in  body  fluid 
steroid  levels  resulting  from  the  oral  administration  of  synthetic  analogs  of  hydrocortisone 
(Shannon  and  Prigmore:  Sch.  Av,  Med.  Report,  No.  59-79,  1959;  Shannon,  Prigmore, 
Brooks,  and  Feller:  accepted  for  publication  by  J.  Clin.  Endocrinol.  &  Metab.).  In  each  of 
the  al)ove  experimental  situations,  free  (non-conjugated)  17-hydroxycorticosteroid  (17- 
OHCS)  concentration  changes  in  parotid  saliva  have  closely  paralleled  changes  evidenced  in 
serum  free  and  urine  total  17-OHCS  concentration.  The  present  experiment  employing 
intravenous  infusion  of  ACTH  was  designed  to  test  further  the  premise  that  steroid  values 
in  parotid  fluid  can  be  used  in  evaluating  adrenocortical  status  and,  thus,  as  an  indicator 
of  stress. 

Materials  and  Methods. — The  subjects  were  healthy  young  adult  men,  each  physically 
qualified  for  military  duty.  Each  of  6  participants  was  given  a  dose  of  40  I.U.  of  ACTH 
(Armour  Corticotropin  in  5  per  cent  dextrose  w/v  in  water)  intravenously  as  a  500  ml.  in¬ 
fusion  l)etween  9  a.m.  and  11  a.m.  Parotid  saliva  and  blood  collections  were  made  at  0,  2,  4, 
and  6  hours  after  1)eginning  ACTH  administration,  i.e.,  samples  were  obtained  immediately 
prior  to  drug  administration,  immediately  after  the  2-hour  intravenous  drip,  then  2  and  4 
hours  after  termination  of  intravenous  drug  dosage.  Subjects  force-voided  urine  at  time 
zero  and  the  urine  voided  during  the  entire  6-hour  experimental  period  was  collected  for 
analysis.  No  food  was  allowed  from  2  hours  prior  to  dosage  until  completion  of  the  experi¬ 
ment.  Water  intake  was  not  restricted.  Ten-minute  parotid  saliva  samples  were  collected 
under  sugared  chewing  gum  stimulation  in  dual  chambered  vacuum  caps,  each  test  specimen 
l)eing  preceded  by  a  10-minute  clearance  sample.  The  bolus  was  renewed  after  each  5-minute 
period.  Serum  and  parotid  .saliva  free  17-OHCS  levels  were  determined  by  the  method  of 
Peterson  and  associates  (Anal.  Chem.  29:  144,  1957)  while  total  17-OHCS  levels  in  urine 
were  determined  by  a  modification  combining  the  metho<ls  of  Reddy  (Metal>olism  3:  489, 
1954)  and  Clayson  (Am.  J.  Med.  Tech.  22:  1,  1956). 

Results. — A  threefold  increase  was  found  for  serum  17-OHCS,  the  mean  level  moving 
from  8.4  ±  2.58  gamma  per  cent  to  26.2  ±  1.62  gamma  per  cent  at  completion  of  the  2-hour 
infusion.  These  findings  agree  closely  with  those  of  Eik-Nes  and  co-workers  (J.  Clin.  Invest. 
33:  1502,  1954).  The  peak  level  of  27.8  ±  1.42  gamma  per  cent  was  found  in  serum  2  hours 
after  discontinuing  the  drug.  This  was  followed  by  a  drop  to  16.2  ±  1.96  gamma  per  cent  2 
hours  later. 

Parotid  saliva  17-OHCS  mean  values  increased  from  2.3  ±  1.32  gamma  per  cent  to  7.2 
±  2.30  immediately  after  infusion  and  6.7  ±  2.30  gamma  per  cent  2  hours  later.  A  level  of 
3.4  ±  2.58  gamma  per  cent  was  found  at  the  final  sampling  period. 

As  with  serum  and  parotid  saliva,  marked  urinary  steroid  increases  also  followed  ACTH 
dosage.  The  urinary  excretory  rate  for  total  17-OHCS  for  the  6  subjects  was  0.77  ±  0.35 
mg./hr.,  while  for  16  untreated  control  subjects,  a  rate  of  0.40  ±  0.12  mg./hr.  was  found. 

These  findings  further  solidify  the  concept  that  parotid  fluid  free  17-OHCS  levels 
may  well  be  utilized  in  evaluating  adrenocortical  status  in  human  beings. 

The  contents  reflect  the  personal  opinions  of  the  authors  and  are  not  to  be  interpreted  as 
necessarily  representative  of  official  USAP  policy. 

Received  for  publication  June  19,  1959  ;  revised  by  authors  Aug.  24,  1959. 
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THE  OCCURRENCE  OF  PERIODONTAL  DISEASE 
IN  GERMFREE  MICE 

PAUL  N.  BAER*  AND  WALTER  L.  NEWTON** 

V.S.  Department  of  Health,  Education,  and  Welfare,  Public  Health  Service, 

National  Institutes  of  Health,  Bethesda,  Md. 

PREVIOUS  studies  in  our  laboratory  (PNB)  have  shown  that  many  strains  of  mice  fed 
nutritionally  adequate  diets  are  susceptible  to  periodontal  disease  (alveolar  bone  loss).  In 
a  study  of  the  etiology  of  this  disease,  the  question  of  the  extent  of  the  contribution  made  by 
the  oral  flora  inevitably  arises.  It  was  thought  that  some  answers  to  this  question  could 
be  provided  by  a  study  of  the  jaws  of  germfree  mice. 

A  study  was  made  of  the  jaws  and  teeth  of  a  total  of  38  germfree  white  Swiss  mice, 
ranging  in  age  from  39  days  to  more  than  6  months.  The  mice  were  maintained  in  Reyniers 
Germfree  System  Units  of  the  500  Series.  They  were  weaned  at  the  age  of  4  weeks  and 
were  raised  on  a  slightly  modified  version  of  Diet  L-356,  used  at  the  Lobund  Institute, 
University  of  Notre  Dame. 

Besults  and  Cemclusions:  No  loss  of  alveolar  bone  was  observed  in  animals  1  to  1% 
months  of  age.  In  the  defleshed  specimens,  the  alveolar  bone  was  seen  located  at  approxi¬ 
mately  the  level  of  the  cementoenamel  junction.  In  the  histologic  specimens,  the  epi¬ 
thelial  attachment  was  located  at  the  cementoenamel  junction,  where  it  formed  a  butt 
joint  with  the  most  coronal  portion  of  the  cementum. 

As  can  be  seen  from  Table  I,  the  onset  of  the  periodontal  changes  occurred  between 
the  third  and  the  fourth  month.  This  table  includes  both  males  and  females,  inasmuch  as  no 
sex  differences  were  noted.  All  8  of  the  animals,  examined  at  the  age  of  6  months  or  more, 
had  alveolar  bone  loss.  In  these  mice,  alveolar  bone  loss  occurred  about  the  molar  teeth  in 
both  arches.  In  some  instances,  more  than  one  half  of  the  root  length  was  exposed. 
Histologically,  in  buccolingual  sections,  we  observed  that  the  epithelial  attachment  was 
located  on  the  cementum  at  varying  distances  below  the  cementoenamel  junction.  The 
histologic  aspects  will  be  dealt  with  more  fully  in  a  future  publication. 


Table  I.  The  Rei.ation  of  Age  to  the  Occurrence  of  Periodontal  Disease  in  Germfree 

White  Swiss  Mice 


AGE  IN 

MONTHS 

NUMBER  OF 
ANIMALS 

NUMBER  SHOWING 

PERIODONTAL  DISEASE 

PER  CENT 

1-3 

14 

0 

,  0 

4-4^ 

16 

7 

44 

6  or  more 

8 

8 

100 

Hard  deposits  (calculus)  were  observed  on  the  enamel  surfaces  of  the  molar  teeth  in 
30  out  of  the  38  animals.  These  deposits  stained  red  with  an  aqueous  solution  of  alizarin 
red  S  and  were  limited  to  the  crowns  of  the  maxillary  molars. 

Received  for  publication  July  17,  1959. 

•Clinical  Investigations  Branch,  National  Institute  of  Dental  Research. 

••Laboratory  and  Germfree  Animal  Research,  National  Institute  of  Allergy  and  Infec¬ 
tious  Diseases. 
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THE  IMMUNOHISTOCHEMICAL  LOCALIZATION  OF  PLASMA 
ALBUMIN  IN  MURINE  DENTINAL  TISSUE 

JACK  D.  ZVVEMER  AND  RALPH  R.  STEINMAN  WITH  THE  TECHNICAL 
ASSISTANCE  OF  C.  JAMES  HEINRICH 

Schools  of  Medicine  and  Dentistry,  College  of  Medical  Evangelists,  Loma  Linda,  Calif. 

FLUORESCENT-LABELED  antibodies  have  been  used  to  localize  plasma  proteins  in  the 
cells  and  interstitial  spaces  of  vascular  connective  tissues  in  man  and  animals  (Zwemer, 
J.  D.,  Meng,  H.  M.,  and  Nutter,  R.  L.:  J.  D.  Res.  38:  844,  1959).  One  report  has  also  described 
the  distribution  of  plasma  albumin  and  y  globulin  in  the  lacunar  cells  of  human  tracheal 
cartilage  (Gitlin,  D.,  Landing,  B.  H.,  and  Whipple,  A.:  J.  Exper.  Med.  97 :  163,  1953).  There 
are  no  comparable  studies,  however,  relating  to  bone  or  dentinal  tissues.  In  view  of  the 
renewed  interest  in  the  histopathology  of  incipient  dental  caries  and  in  the  concept  of  a 
dental  lymph  suggested  by  the  diffusion  of  diverse  substances  through  dentin  (C.  F.  Bodecker 
in  A  Survey  of  the  Literature  of  Dental  Caries,  Washington,  D.  C.,  1952,  National  Academy 
of  Sciences — National  Research  Council,  Chapt.  5,  p.  175),  it  seemed  desirable  to  investigate 
the  possible  distribution  of  plasma  albumin  in  intact  dentin  of  the  albino  rat.  Such  an 
effort  appeared  feasible,  despite  the  low  concentration  of  aqueous  extractable  protein  in 
dentin  (Karshan,  M.,  Weiner,  R.,  and  Stofsky,  M. :  J.  D.  Res.  14:  445,  1934)  since  the 
fluorescent-labeled  antilmdy  technic  under  ordinary  conditions  is  capable  of  detecting  as  little 
as  100  fig.  antigen  per  milliliter.  (Coons,  A.  H.:  Internat.  Rev.  Cytol.  5:  1,  1956.) 

Gamma  globulin  fractions  of  rabbit  antisera  to  rat  albumin*  were  prepared  by  the 
method  of  Dul)ert,  Slizewicz,  and  Macheboeuf  (Ann.  Inst.  Pasteur,  Par.:  84:  370,  1953). 
Anti-rabbit  y  globulin  sheep  globulin  labeled  with  fluorescein  isothiocyanatet  was  employed 
in  the  sensitive  layer  technic  as  reviewed  by  Coons  (loc.  cit.).  Both  globulin  preparations 
were  absorl)ed  with  mouse  and  Imvine  liver  powder  according  to  the  method  of  Coons  and 
Kaplan  (J.  Exper.  Med.  91:  1,  1950).  Fourteen  frozen,  undecalcifled  hemi-mandibular  sec¬ 
tions  from  Osborne-Mendel  strain  albino  rats,  19  to  42  days  of  age  and  maintained  on 
Purina  Lal)oratory  Chow,  were  prepared  by  the  method  of  Steinman,  Hewes,  and  Woods 
(J.  D.  Res.  38:  592,  1959).  The  sections  were  fixed  according  to  the  technic  of  Vazquez  and 
Dixon  (.T.  Exper.  Med.  104:  727,  1956).  The  staining  and  controls  followed  the  protocol  of 
White  (Workshop  on  Fluorescent  Antilwdy  Techniques,  U.  S.  Army  Chemical  Corps,  Fort 
Detrick,  Frederick,  Md.).  The  sections  were  examined  microscopically  for  fluorescence  at 
lOOx  and  950x.  Specific  fluorescence  referable  to  plasma  albumin  was  readily  demonstrable 
in  the  dentinal  tubules  for  at  least  the  proximal  half  of  their  course  and  in  the  pulpal  margin 
of  the  dentinal  matrix.  Staining  was  more  pronounced  in  specimens  taken  from  the  younger 
animals.  The  controls  did  not  exhibit  the  characteristic  fluorescence.  Further  studies  of 
plasma  protein  distribution  in  dentin — particularly  of  the  globulins — should  be  of  significance 
in  assessing  the  dentinal  tissue  response  to  infectious  agents. 

Received  for  publication  Aug.  5,  1959. 
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CARIES  POTENTIATING  EFFECT  OF  Na  EDTA,  Ca  EDTA,  AND 
Mg  EDTA  IN  THE  RAT 
I.  ZIPKIN  AND  R.  H.  LARSON 

National  Institute  of  Dental  Research,  National  Institutes  of  Health,  U.  S.  Public  Health 

Service,  Bethesda,  Md. 

WITH  the  advent  of  pure  metal  chelates  of  EDTA,*  it  became  possible  to  study  the  effect 
of  somewhat  more  specific  chelation  on  the  incidence  and  severity  of  experimental  den¬ 
tal  caries.  Female  Sprague-Dawley  rats,  thirty  litters  of  four  each,  were  distributed  into 
four  groups  at  weaning  in  each  of  two  studies,  as  shown  in  Table  I.  All  rats  were  housed 
two  per  cage,  and  the  ad  libitum  intakes  of  diet  and  distilled  water  were  recorded.  The 
rats  receiving  Diets  585  (Stephan,  R.  M.,  et  al.:  J.  D.  Res.  31:  421,  1952)  and  633 
(McClure,  F.  J.,  et  al.:  Proc.  Soc.  Exper.  Biol.  &  Med.  83:  21,  1953),  were  sacrificed  at 
100  and  56  days,  respectively,  and  the  dental  caries  diagnosed.  Caries  of  the  occlusal 
surfaces  as  produced  by  Diet  585  was  potentiated  to  only  a  limited  extent  by  Na  EDTA 
(P  <  0.05)  and  was  not  significantly  affected  by  Ca  EDTA.  Since  this  type  of  caries 
potentiation  by  Na  EDTA  is  in  keeping  with  a  previous  study  using  EDTA  (Zipkin,  I.: 
Proc.  Soc.  Exper.  Biol.  &  Med.  82:  80,  1953),  these  data  are  not  presented. 


1 

1 

Na  EDTA  1 

ca  EDTA  1 

Mg  EDTA 

Diet 

585 

Diet  Supplement* 

0.64% 

0.73% 

0.74% 

Smooth-Surface  Caries\ 

Rats  surviving 

No. 

28 

19 

21 

24 

Rats  with  caries 

% 

50.0 

84.2 

52.4 

70.8 

Carious  teeth  per  rat 

0.9  ±  0.2 

3.4  ±  0.6 

1.4  ±  0.4 

2.9  ±  0.5 

Caries  score  per  rat 

1.2  ±  0.3 

7.0  ±1.6 

2.6  ±  1.0 

6.5  ±  1.4 

Diet 

63S 

Diet  Supplement* 

0.26% 

0.29% 

0.30% 

Smooth-Surface  Caries 

Rats  surviving 

No. 

29 

27 

28 

28 

Rats  with  caries 

% 

93.1 

100.0 

96.4 

100.0 

Carious  teeth  per  rat 

No. 

5.6  ±  0.7 

8.6  ±  0.7 

7.4  ±  0.8 

8.8  ±  0.7 

Caries  score  per  rat 

17.3  ±  4.5 

42.3  ±  6.8 

29.5  ±  5.2 

39.3  ±  5.8 

.•Equivalent  to  0.3%  and  0.2%  EDTA  for  Diets  585  and  633.  respectively.  C.  H.  N 
analyses  showed  the  compound  to  be  EDTA  Naa  •  2HjO  obtained  from  Dow  Chemical  Company, 
Midland,  Mich. ;  and  EDTA  Ca  Naa  •  3HaO  and  EDTA  Mg  Naa  •  4HjO  obtained  from  Geigy 
Industrial  Chemicals,  New  York,  N.  Y. 

t  Lower  second  molars  excluded  due  to  extensive  destruction  by  occlusal  lesions. 

As  shown  in  the  table,  Ca  EDTA  showed  no  significant  potentiation  of  smooth  surface 
caries,  whereas  Na  EDTA  and  Mg  EDTA  enhanced  significantly  the  incidence  (number 
of  carious  teeth)  and  the  severity  of  this  type  of  caries  (P  <  0.001).  It,  thus,  appears 
that  where  calcium  could  be  chelated,  as  by  Na  EDTA  and  Mg  EDTA,  caries  was  po¬ 
tentiated.  Ca  EDTA,  which  does  not  chelate  calcium,  did  not  significantly  potentiate 
caries.  Hendershot  and  his  co-workers  (J.  D.  Res.  37:  32,  1958  [Abst.])  also  noted  that 
the  calcium  chelate  of  EDTA  was  less  caries  potentiating  than  either  Na  EDTA  or  Mg 
EDTA,  but  no  data  were  presented.  Possible  “  8ub.strates  ”  for  chelation  are  the  saliva, 
teeth,  and  diet.  The  significant  increa.se  in  the  number  of  carious  teeth  per  rat  following 
incorporation  of  Na  EDTA  and  Mg  EDTA  in  the  diet  indicates  that  smooth-surface 
lesions  were  initiated. 

Received  for  publication  Aug.  13,  1959. 

•Ethylene  diamine  tetraacetic  acid. 
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761  (Abs.) 

Capillaries,  peripheral,  in  the  rodent  incisor 
pulp,  969 

Capix)w,  M.,  734  (Abs.) 

Carbohydrate,  content  of  caries-susceptible 
rat  molars,  676  (Abs.) 
levels  in  dental  tissues  of  young  rats,  con- 
tra.sted  diets,  1223  (Abs.) 
metabolism,  fluorine  storage  and  cholesterol, 
effect  of  fats  on,  728  (Abs.) 
relationship  l)etween  maternal  ingestion 
and  dental  caries  susceptibility  of 
progeny  in  the  rat,  618 
retention  in  interproximal  spaces  of  pos¬ 
terior  teeth,  682  (Abs.) 
sulistrates  on  plaque  pH  in  vivo,  704  (Abs.) 

Carbon,  decomposition  of  gypsum  investment 
in  pre.sence  of,  541 

Carbonell,  V.,  687  (Abs.) 

Carcinogen  20-niethylcholanthrene  and  saliv¬ 
ary  gland  transplants,  833 

Carcinogenesis,  chemical,  in  the  hamster 
cheek  pouch,  effect  of  Tween  80 
and  prednisilone  acetate  on,  713 
(Abs.) 

experimental,  in  submaxillary  glands  of 
hamster,  713  (Abs.) 

in  submaxillary  glands  of  the  hamster, 
'  effect  of  vitamin  A  deficiency  on, 

714  (Abs.) 

oral,  effect  of  vitamin  A  deficiency  on,  72 

Carcinoma,  intraoral,  detection  in  situ  with 
exfoliative  cytology,  717  (Abs.) 

Caries,  in  children,  effect  of  fluoride-contain¬ 
ing  dentifrice  with  controlled 
brushing,  670  (Abs.) 
development,  effect  of  EDTA  on,  1207 
DMFS  and  RID  indices  for  the  longitudinal 
aa-sessment  of,  708  (Abs.) 
effect  of  a  dental  prophylaxis  on,  707 
(Abs.) 

of  a  fat-free  diet  on  severity  and  in¬ 
cidence  in  the  immature  rat,  686 
(  Abs. ) 

of  salivariadenectomy  in  Hunt-Hoppert 
caries-resistant  rats,  587 
of  selective  .salivariadenctomy  on,  731 
(Abs.),  1166 

efficacy  of  sodium  N-lauroyl  sarcosinate  in 
reducing,  671  (Abs.) 


Caries — Cont ’d 

experience  in  children,  effect  of  pota.ssium 
fluorostannite  on,  881 
and  dietary  habits  in  200  children,  860 
in  hamsters,  525 

complementary  effect  of  beryllium  and 
fluorine,  670  (Abs.) 
effect  of  chronic  vitamin  A  deficiency 
on,  1038 

of  different  dietary  levels  of  meta- 
phosphoric  acid  on,  686  (Abs.) 
of  food  ash,  phosphate  and  trace 
minerals  on,  1142 
and  heredity,  337 

heritability  and  some  related  salivary 
components,  662  ( Abs. ) 
human,  salivary  and  plaque  lactobacilli  in 
the  prognosis  of,  951 

incidence  in  cortisone-treated  rats,  687 
(Abs.) 

effect  of  thiocyanate  on,  731  (Abs.) 
relationship  in  deciduous  and  permanent 
dentitions,  416  (Annot.) 
incipient,  histochemical  analysis  of  lesions, 
592,  687  (Abs.) 

ultra.structural  changes  in  dentin,  694 
(Abs.) 

initiation  and  promotion  factors  in  the 
rat,  683  (Abs.) 

inoculation  and  transmission  of,  684  (Abs.) 
nutrition  and  tooth  morphology  in  the  rat, 
683  (Abs.) 

observations  on  proteolysis-chelation  theory, 
1225  (Abs.) 

and  periodontal  changes  induced  with 
hydrogen  peroxide,  726  (Abs.) 
phosphatase  activity  in  whole  and  parotid 
saliva,  500 

primary  lesions,  677  (Abs.) 
proximal,  radiographic  a.ssessment,  1225 
(Abs.) 

in  rats,  comparison  between  the  effect  of 
selective  salivariatlenectomy  and 
selective  salivary  gland  ligation 
on,  1129 

effect  of  antihistaminics  on,  795 

metals  on,  and  enamel  metal  levels, 
669  (Ab.s.) 
oat  hulls,  823 
yeast,  1052  (Annot.) 
influence  of  calcium  carbonate  on,  1173 
male  and  female  receiving  the  same 
amount  of  cariogenic  diet,  1075 
receiving  modified  Stephan  diet,  1178 
reduction  and  increment  of  fluoride  in 
enamel  resulting  from  topical  ap¬ 
plications,  672  (Abs.) 
by  use  of  bacterial  antagoni.st.s,  719 
(Abs.) 

relationship  of  protein  components  to,  1060 
respiration  of  the  salivary  microbial  flora 
and  its  relation  to,  328 
streptococci  in,  164 

susceptibility,  comparison  of  hamsters, 
rats,  and  cotton  rats,  684  (Abs.) 
induced  in  pre-weanling  rats  by  simu¬ 
lated  rat  milk  formula,  685  (Abs.) 
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relationship  between  maternal  ingestion 
of  carbohydrate  and — in  the 
progeny,  618 

Caries-immune  humans,  a  bacteriolytic  agent 
in  salivary  globulin,  262 
individuals,  effect  of  saliva  restriction  on 
dental  plaques  in,  706  (Abs.) 
and  susceptible  humans,  saliva  from,  added 
to  desalivated  rats,  685  (Abs.) 
and  susceptible  plaques  compared,  696 
( Abs. ) 

Caries-inhibiting  effects  of  NaHPOi  and 
CaHPO^,  633  (Annot.) 

Caries-potentiating  effect  of  Na  EDTA,  Ca 
EDTA,  and  Mg  EDTA  in  the  rat, 
1240  (Annot.) 

Caries-resistant  and  caries-susceptible  rats, 
differences  in  morphology  and 
size  of  teeth,  105 

salivariadenectomized,  effect  on  rate 
of  food  consumption,  177 

Cariogenicity  of  diets  of  different  pH  levels, 
686  (Abs.) 

Cariostatic  effect  of  phosphates,  776 

Carious,  dentin,  collagenase  resistance  of, 
1217  (Abs.) 

electron  microscopic  observations,  693 
(Abs.) 

lesions,  initial,  microradiographic  and 
polarized  light  studies  of,  1187 
mouth,  calculus  and  the,  706  (Abs.) 
process  and  acid  production,  1055  (Annot.) 

Carr,  H.  G.,  1225  (Abs.) 

Carranza,  F.  A.,  Jr.,  631  (Annot.) 

Carter,  W.  J.,  721  (Abs.),  743  (Abs.) 

Casting  investments,  758  (Abs.) 

Castings,  large  dental,  accuracy  of,  759 
(Abs.) 

Castration,  effect  on  submaxillary  gland  of 
caries-resistant  and  caries-suscep¬ 
tible  rats,  67 

Caul,  H.  J.,  758  (Abs.) 

Cavity,  preparation,  effect  of  coolants  on 
temperature  rise  as  a  result  of, 
761  (Abs.) 

wall,  adaptation  of  amalgam  tested  with 
Ca«,  748  (Abs.) 

relationship  of  amalgam  to,  1229  (Abs.) 

Cementing  substance,  human  gingival  epi¬ 
thelial,  intercellular,  711  (Aba.) 

Cements,  silicate,  color  standards  for,  759 
(Abs.) 

radioactivity  of,  1221  (Abs.) 

Cementum,  of  human  teeth,  noncellular,  with 
incomplete  apices,  668  (Abs.) 
thickness  of  teeth  from  India,  668  (Aba.) 

Centrifugal  technic  of  measuring  food  reten¬ 
tion,  704  (Abs.) 

Ceramic  procedures,  an  investment  com¬ 
pounded  specifically  for,  762 
(Abs.) 

Chamberlain,  C.  R.,  719  (Abs.) 

Change  in  cell  dimension,  mitosis,  and  “re¬ 
cruitment”  factors  in  growth  of 
the  internal  enamel  epithelium, 
1215  (Abs.) 


1 

Chaudhrv,  a.  P.,  713  (2  Abs.),  714  (Abs.), 

842  (Annot.),  1008 

Chauncey,  H.  H.,  706  (Abs.),  733  (Abs.), 

734  (Abs.),  961 

Cheng,  T.  C.,  552 

Chick  embryo,  following  administration  of 
tetracycline,  inhibition  of  skeletal 
formation  in,  665  (Abs.) 
mandible,  effect  of  aminoacetonitrile, 

741  (Abs.) 

Children,  in  Szged,  Hungary,  dental  condi¬ 
tion  of,  451 

maloi'clusion  in,  in  a  fluoridated  and  a 
control  area,  661  (Abs.),  782 
four-year-olds,  661  (Abs.) 
psychological  reaction  to  local  anesthetic 
procedures,  679  (Abs.) 

Chilton,  N.  W.,  747  (Abs.) 

Chloride,  sodium,  potassium  and  whole  saliva 
volume  under  identical  and  diverse 
forms  of  stimulation,  843  (Annot.) 

Cholesterol  content  of  some  bovine  oral 
tissues,  729  (Abs.) 

fluorine  storage,  and  carbohydrate  meta¬ 
bolism,  effect  of  fats  upon,  728 
(Abs.) 

Chromium-cobalt  alloys,  effect  of  micro- 
structure  on  physical  properties, 

758  (Abs.) 

Citrate,  in  bone  slices,  conversion  of  pyru- 
vate-2-Ci*  to,  690  (Abs.) 
in  dentin,  1223  (Abs.) 
soluble,  changes  in  pigeon  bone  during 
egg-laying,  689  (Alw.) 

CiTRi,  N.,  164 

Clabauoh,  W.  S.,  758  (Abs.) 

Clark,  H.  B.,  Jr.,  696  (Abs.),  697  (2  Abs.) 

Clark,  P.  G.,  121,  731  (Abs.) 

CiAYcoMB,  C.  K.,  721  (Abs.),  755  (2  Abs.) 

Cleft  repair,  relationship  of  hypoplastic 
teeth  and  surgical  trauma  in,  652 
(Ab.s.) 

Clements,  W.  G.,  683  (Abs.) 

Clinical  effect  of  warping  a  denture,  752 
(Abs.) 

Coatings,  for  application  to  teeth,  197 
(Annot.) 

protective,  on  enamel  surfaces,  721  (Abs.) 

Cobalt-chromium  alloys,  effect  of  micro¬ 
structure  on  physical  properties 
of,  758  (Abs.) 

setting  and  thermal  expan-sion  of  in¬ 
vestments  for  casting,  1228  (Alw.) 

Cohen,  B.,  1219  (Abs.) 

Cohen,  D.  W.,  667  (Alw.) 

Cohen,  G.,  739  (Abs.) 

Cohen,  L.,  920 

Cohen,  M.  M.,  655  (Abs.),  660  (Abs.),  661 
(Abs.),  673  (Abs.) 

Cohn,  S.  A.,  725  (Abs.) 

Colby,  R.  A.,  652  (Abs.) 

Cold  as  a  stressor  agent  on  the  periodontium 
of  rats,  723  (Abs.) 

Coleman,  R.  L.,  759  (Abs.) 

Collagen  hydroxyproline,  formation  in  vivo, 

728  (Abs.) 

Collagenase  resistance  of  carious  dentin,  1217 
(Abs.) 
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Collagenolytic  oral  bacteria,  isolation  by  en¬ 
richment  culture,  718  (Abs.) 

COLLINGS,  C.  K.,  743  (Abs.) 

COLMAN,  G.,  1234  (Abs.) 

Color  standards  for  silicate  cements,  759 
(Abs.) 

Compressive  properties  of  tooth  tissues  and 
restorative  materials,  762  (Abs.) 

Condyle,  mandibular,  in  the  rat,  histochemical 
study  of  the  second  cartilage  of, 
1220  (Abs.) 

termination  of  endochondral  bone  growth 
in,  1220  (Abs.) 

Configuration  of  the  palate,  708  (Abs.) 

Connective  tissue,  rat,  reactions  to  implants 
of  pulp  capping  materials,  738 
(Abs.) 

Conroy,  C.  W.,  738  (Abs.) 

Contaminants,  atmospheric,  dentin  forma¬ 
tion  during  exposure  and  with¬ 
drawal,  652  (Abs.) 

Cooke,  B.  E.  D.,  1233  (Abs.) 

COOLIDGE,  T.  B.,  90 

Cornell,  J.  A.,  606 

Corticosteroids,  free  17-hydroxy,  in  human 
parotid  secretion,  733  (Abs.) 
hemophilia,  and  oral  surgery,  742  (Abs.) 

Cortisone-treated  rats,  caries  incidence,  687 
(Abs.) 

CorjTiebacterium  isolated  from  pulp  canals, 
736  (Abs.) 

CosTiCH,  E.  R.,  698  (Abs.) 

Cox,  G.  J.,  683  (Abs.) 

Craig,  R.  G.,  624,  761  (Ab-s.) 

Craniofacial  skeleton,  hereditary  variation  in, 
665  (Abs.) 

Craven,  D.  C.,  691  (Abs.) 

Crown  and  inlay  porcelains,  phase  composi¬ 
tion,  483 

preparations,  use  of  water  turbine,  760 
(Abs.) 

Crystal  growth,  a  method  of  studying,  253 

CiTETO,  E.  J.,  674  (Abs.) 

Culture  broth  contamination  by  residual 
paraminotoluene  sulfonamide,  1004 
medium,  submaxillary  saliva  a.s,  701  (Abs.) 

CiTRBV,  W.  A.,  673  (Abs.) 

Cytochrome  oxidase  in  oral  tissues,  728 
(Abs.) 

Cytotoxic  effect  of  lo<*,al  dental  anesthetics 
on  tissue  culture,  748  (Abs.) 

Dachi,  S.  F.,  716  (Abs.) 

Dahlberg,  a.  a.,  203  (Abs.) 

Dalderup,  L.  M.,  1173 

Darling,  A.  I.,  1226  (2  Abs.) 

Davies,  T.  G.  H.,  1218  (Abs.) 

Decalcification,  edge,  time-lapse  cinematog¬ 
raphy  of,  677  (Abs.) 
stannous  fluoride  in  preventing,  672  (Abs.) 

Deciduous  dentitions,  caries  incidence  in, 
416  (Annot.) 

molar  tooth  germs,  development  of  enamel 
organ  in,  1230  (Abs.) 
teeth,  resorbing,  relationship  of  vascularity 
about  erupting  tooth  germs,  667 
(Abs.) 


Decker,  J.  D.,  669  (Abs.) 

Decomposition,  bacterial,  of  enamel  and 
dentin  in  vitro,  720  (Abs.) 

DeGeorge,  F.  V.,  665  (Abs.) 

Dehydrogena.ses,  oral,  coupled  to  tetrazolium 
salts,  746  (Abs.) 

Dell,  A.,  751  (Abs.) 

Dement,  J.,  422  (Annot.) 

Demineralization  of  enamel,  reversibility  of 
incipient,  678  (Abs.) 

Density  and  nitrogen  content  of  mottled 
enamel,  369 

Dental  cliaracteristics  of  the  Middle  Minoans, 
1225  (Abs.) 

materials,  fluoride  uptake  of  enamel  from, 
755  (Abs.) 

induction  of  sarcoma  in  rats  by  implan¬ 
tation  of,  715  (Abs.) 

nonde.structive  testing,  1227  (Abs.) 

solubility  of,  1028 

technical  problems  in  the  manufacture 
of,  757  (Abs.) 
plaque  (see  Plaque) 

restorative  materials,  fluoride  containing, 
antibacterial  action,  88 
stress,  physiological  response  to,  702  (Abs.) 

Dentifrice,  fluoride  containing,  effect  with 
controlled  brushing  conditions  in 
children,  670  (Abs.) 

stannous  fluoride,  effect  on  dental  caries 
and  enamel  solubility  in  the  rat, 
1236  (Annot.) 

combined  with  a  topical  application 
of  stannous  fluoride,  anticario- 
genie  effect,  670  (Abs.),  994 

Dentin,  amino  sugars  in,  675  (Abs.) 

carious,  electron  microscopic  observations, 
693  (Ab.s.) 

citrate  in,  1223  (Abs.) 
and  enamel,  bacterial  decomposition,  720 
( Abs. ) 

solubility,  in  acetate  and  aspartate 
buffers,  effect  of  fluoride  on,  672 
(Abs.) 

common  ion  effects,  675  (Abs.) 
diffusion  of  niacin  through,  679  (Abs.) 
enamel  and  lione,  mineral-fiber  relation¬ 
ships  in  development,  1214  (Abs.) 
formation  during  exposure  to  and  with¬ 
drawal  from  atmospheric  contam¬ 
inants,  652  (Abs.) 

half  thickness  to  P„  lieta  radiation,  84 
human,  amino  acid  composition  of  proteins 
in,  323 

relationship  of  structure  to  microhard¬ 
ness  of,  624,  761  (Abs.) 
micrography  and  microradiography,  651 
( Abs. ) 

sections  and  microradiographs,  correlation, 
1224  (Abs.) 

ultrastructural  changes  during  incipient 
caries,  694  (Abs.) 

Dentinal  matrix,  1224  (Abs.) 
submicroscopic  .study,  386 

Dentino-pulpal  membrane,  702  (Abs.) 

Denture  base  resins,  dimensional  accuracy, 
752  (Abs.) 
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bases,  dimensional  accuracy  evaluated  with 
modified  comparator,  753  (Abs.) 

clinical  effect  of  warping,  752  (Abs.) 

reliners,  autopolyraerizing  resins  evaluated, 
753  (Abs.) 

retention,  partial,  and  friction,  1066 

Deposits  on  teeth,  esterase  activity  associated 
with  formation,  710  (Abs.) 

Dei'schle,  F.  M.,  149 

Development  of  the  gingival  epithelium  in 
the  monkey,  1215  (Abs.) 

De  Wever,  J.  E.,  707  (Abs.) 

Diabetes,  alloxan,  and  the  enamel  protein 
matrix  in  mice,  651  (Abs.) 

Diagnosis,  radiographic  technic  for  TM.T 
disorders,  663  (Abs.) 

Dickson,  G.,  759  (Abs.) 

Diet,  cariogenic,  influence  of  calcium  carbon¬ 
ate  on  rat  caries  induced  by,  1173 

fat-free,  effect  on  bones,  periodontium  and 
the  incidence  and  severity  of 
caries  in  the  immature  rat,  686 
(Abs.) 

fluoride-free,  a  method  for  producing  fluo¬ 
ride-free  salts  and,  199  (Annot.) 

postoperative,  use  after  reimplantation  of 
hamster  second  molars,  667  (Abs.) 

Dietary  habits  and  dental  caries  experience 
in  children,  860 

levels  of  metaphosphoric  acid,  effect  on 
hamster  caries,  686  (Abs.) 

Diethylene  triamine,  toxicity,  754  (Abs.) 

Diets,  relative  cariogenicity  of  different  pH 
levels,  686  (Abs.) 

Diffusion  chamber  technic,  in  vivo  tissue 
culture,  717  (Abs.) 

Dimension,  vertical,  708  (Abs.) 

Dimensional  accuracy  of  denture  base  resins, 
752  (Abs.) 

evaluated  with  modified  comparator,  753 
( Abs. ) 

l)ehavior  of  wax  patterns  to  gypsum  dies, 
756  (Abs.) 

stability  analysis  of  silicone  impression 
materials,  751  (Abs.) 

Dirksen,  T.  R.,  706  (Abs.) 

Disraely,  M.  N.,  734  (Abs.) 

Distribution  of  mast  cells  in  oral  tissues  of 
rats,  1215  (Abs.) 

Dixon,  A.  D.,  1214  (Abs.) 

Dogs,  healing  of  experimental  fractures,  696 
(Abs.) 

lymphatic  drainage  of  teeth  demonstrated 
by  radioactive  colloidal  gold,  198 
(Annot.) 

use  of  anorganic  bone  to  increase  ndge 
height  in  jaws,  697  (Abs.) 

Doleman,  P.  H.,  356 

Dorman,  H.  L.,  244,  276,  730  (2  Abs.),  731 
(Abs.),  940 

Doty,  J.  R.,  748  (Abs.) 

Draus,  F.  j.,  709  (Abs.) 

Di'Bose,  W.  j.,  172 

Duct-ligated  and  salivariadenectomized  rats, 
food  consumption  and  dental 
caries  in,  1235  (Annot.) 


Ditdman,  j.  a.,  708  (Abs.) 
Dykema,  R.  W.,  759  (Abs.) 


Eames  amalgam  condensation  technic,  750 
(Abs.) 

Earle,  L.  S.,  323 

Earnshaw,  R.,  759  (Abs.),  1228  (Abs.) 
Eastoe,  j.  E.,  1216  (Abs.) 

Eccles,  j.  D.,  1218  (Abs.) 

Edge  decalcification  of  tooth  sections,  time- 
lapse  cinematography,  677  (Abs.) 
Editorial  Views  and  News,  1,  207,  427,  639, 
847,  1059 

EDTA,  caries-potentiating  effect  in  the  rat, 
1240  (Annot.) 

effect  on  caries  development  and  associa¬ 
tion  with  biologic  changes  in  the 
rat,  1207 

Elastic  impression  materials,  duplication  test 
used  to  evaluate,  751  (Abs.) 
surface  reproducibility  of,  751  (Abs.) 
Electrodiagnosis,  application  of  correlation 
between  nervous  accommodation, 
symptomatology,  and  histology  of 
normal  and  pathologic  tooth  pulp, 
866 

Electrolyte  content  of  rat  salivary  secretions, 
745  (Abs.) 

Electromagnetic  blood  flow  meter  for  measur¬ 
ing  small  volume  flows,  730  (Abs.) 
Electron  microscopy,  amelodentinal  junction 
during  early  development  of 
molars  of  hamsters,  558 
comparison  of  caries-immune  and  caries- 
susceptible  dental  plaques,  696 
(Abs.) 

developing  amelodentinal  junction  in 
molars  of  hamsters,  693  (Abs.) 
enamel  matrix  in  hamsters,  180 
emulsified  periodontal  membrane,  695 
(Abs.) 

enamel  organ  of  rat  incisors,  693  (Abs.) 
heavy  metal  deposition  in  living  hard 
tissue,  694  (Abs.) 

microscopic  structure  of  dentinal  matrix, 
386 

nerves  of  human  tooth  pulp,  1133 
observations  on  carious  dentin,  693 
(Abs.) 

sucrose  retardation  of  acid  etching  in 
enamel,  695  (Abs.) 

ultrastructural  changes  in  dentin  during 
incipient  caries,  694  (Abs.) 
Electrophoresis,  saliva,  854 

relationship  of  protein  components  to 
dental  caries,  1060 
zone,  654  (Abs.) 

starch-gel,  protein  components  of  parotid 
gland  secretions,  1222  (Abs.) 
Electrophoretic  studies  of  hydroxylapatite, 
1222  (Abs.) 

Electrostatic  precipitation,  collection  of  milli¬ 
gram  quantities  of  dental  enamel 
dust  by,  1056  (Annot.) 

Ellison,  S.  A.,  654  (Abs.),  718  (Abs.) 
Elwood,  W.  K.,  651  (Abs.) 
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Emerson,  W.  H.,  677  (Abs.) 

Emslie,  R.  D.,  1225  (Abs.) 

Enamel,  acid  etching  in,  sucrose  retardation 
of,  695  (Abs.) 

altered,  chemical  and  physical  properties, 
674  (Abs.) 

caries,  the  early  lesion  of,  1226  (Abs.) 
demineralization,  incipient,  reversibility, 
678  (Abs.) 

and  dentin,  amino  sugars  in,  675  (Abs.) 
bacterial  decomposition  in  vitro,  720 
( Abs. ) 

and  bone,  mineral-fiber  relationships  in 
development  of,  1214  (Abs.) 
solubility,  common  ion  effects,  675 
(Abs.) 

effect  of  fluoride  on  solubility  in  acetate 
and  aspartate  buffers,  672  (Abs.) 
developing,  effect  of  hypoxia  on,  651  (Abs.) 
distribution  of  nitrogen,  436 
dust,  collection  of  milligram  quantities  by 
electrostatic  precipitation,  1056 
( Annot. ) 

epithelium,  internal,  mitosis,  factors  in 
growth,  1215  (Abs.) 

fluoride  uptake  from  certain  dental  ma¬ 
terials,  755  (Abs.) 

fluorosed,  microradiographic  and  micro¬ 
hardness  studies,  674  (Abs.) 
formation  of  beta-tricalcium  phosphate 
during  ignition,  692  (Abs.) 
human,  mineralization  pattern,  1096 
polarized  liglit  appearances,  60 
rate  of  penetration  by  acidic  buffers, 
677  (Abs.) 

increment  of  fluoride  and  reduction  of 
dental  caries  from  topical  appli¬ 
cations,  672  (Abs.) 

matrix,  developing,  in  the  hamster,  180 
metal  levels,  effects  of  metals  on,  in  rat 
caries,  669  (Abs.) 

microhardness  of,  changes  after  treatment 
with  lactate  buffer,  293 
mottled,  nitrogen  content  and  density,  369 
observations  on,  1226  (Abs.) 
nitrogen  content  of  zones  distinguished  by 
reflected  light,  3 

organ,  development  in  human  deciduous 
molar  tooth  germs,  1230  (Abs.) 
of  rat  incisors,  693  (Abs.) 
pattern  of  mineralization,  678  (Abs.) 
|)earls,  incidence  in  human  molars,  1230 
(Abs.) 

protein  matrix  in  mice,  alloxan  diabetes 
and  the,  651  (Abs.) 

rat,  submicroscopic  structure  of  mineraliz¬ 
ing,  1224  (Abs.) 

sodium  fluoride,  effects  on  calcium  salts 
and,  691  (Abs.) 

solubility,  effect  of  the  topical  application 
of  stannous  fluoride  when  pre¬ 
treated  with  sodium  fluoride,  1053 
(Annot.) 

solution  rate  in  an  acetate  buffer,  910 
sound,  microradiographic  and  polarizing 
microscopic  study,  1187 
surface,  protective  coatings  on,  721  (Abs.) 
temperatures  during  meals,  1216  (Abs.) 


Endochondral  bone  growth  in  mandibular 
condyle,  termination  of,  1220 
( Abs. ) 

Endodontic  cultures,  contamination  with 
para-aminotoluene  sulfonamide, 
736  (Abs.) 

Engel,  M.B.,  689  (Abs.),  690  (Ab.s.) 

Englanuer,  H.  R.,  706  (Abs.),  848 

Enoki,  K.,  204  (Abs.) 

Enzymes,  action  on  the  periodontal  tissue  of 
rats,  726  (Abs.) 

concentrations  of  submaxillary  and  parotid 
salivas,  733  (Abs.) 

distribution  in  soft  tissues  of  oral  cavity, 
443 

effect  on  calculus  deposition,  709  (Abs.) 

hydrolytic,  activity  of  dental  plaque,  706 
(Abs.) 

histochemical  localization  of,  in  human 
salivary  glands,  961 

of  mammalian  salivary  glands,  734 
(Abs.) 

oxidative  systems  in  o.ssifying  cartilage, 
1213  (Abs.) 

Epithelial  intercellular  cementing  substance, 
711  (Abs.) 

root  sheath,  701  (Abs.) 

Epithelium,  human  oral,  exposed  to  hydro¬ 
gen  peroxide,  mitotic  activity,  700 
Abs. ) 

pathological  and  normal,  1216  (Abs.) 

Eriochrome  blue  S.E.  used  for  determination 
of  calcium  in  saliva,  746  (Abs.) 

Ershoff,  B.H.,  686  (Abs.),  726  (Ab.s.) 

Eruption  pattern  of  first  permanent  molar  in 
the  prediction  of  malocclusion, 
1233  (Abs.) 

of  rootless  teeth,  679  (Abs.) 

Eshleman,  J.  R.,  1038 

Esterase  activity  associated  with  formation 
of  deposits  on  teeth,  710  (Abs.) 

Etching  in  enamel,  acid,  sucrose  retardation 
of,  695  (Abs.) 

Evanston  dental  caries  study,  661  (Abs.), 
782 

Everett,  B.,  750  (Abs.) 

Exfoliative  cytology,  detection  of  intra-oral 
carcinoma  in  situ,  717  (Abs.) 

Extoses,  maxillary  and  mandibular,  forma¬ 
tion  in  rats,  688  (Abs.) 

Extraction  sockets  of  rats,  effect  of  osteo¬ 
gen  in,  697  (Abs.) 

F  ABER,  J.  E.,  Jr.,  611 

Face,  formation  of,  roles  of  maxilla  and 
pre-maxilla  in,  669  (Abs.) 

Fales,  M.  H.,  661  (Abs.) 

Fats,  effect  on  cholesterol,  fluorine  storage, 
and  carbohydrate  metabolism,  728 
( Abs. ) 

Fearnhead,  R.  W.,  1224  (Abs.) 

Feder,  F.  M.,  667  (Abs.) 

Feldmann,  E.  G.,  748  (Abs.) 

Feller,  R.  P.,  1237  (Annot.) 

Femurs,  mice,  comparative  effects  of  fluo¬ 
rides  on,  464 

parotin  and  growth  centers  in,  374 


INDEX 


1249 


Ferret,  the  metabolic  distribution  of  2-Ci< 
diphenylhydantoin  in,  727  (Abs.) 

Fertig,  J.  W.,  747  (Abs.) 

Fessenden,  E.,  691  (Abs.) 

Fetal  circulation  in  the  rat,  transport  of  F»8 
in,  673  (Abs.) 

development,  prenatal  influences  on,  665 
(Abs.) 

Field,  L.  W.,  665  (Abs.) 

Filamentous  organism,  gram-positive,  657  (2 
Abs.) 

Fillings,  gold  foil,  microleakage,  749  (Abs.) 

Findlay,  I.  A.,  1219  (Aba.) 

Finn,  S.  B.,  662  (Abs.) 

Fisher,  A.  K.,  208,  729  (Abs.),  737  (2 
Abs.) 

Fitzgerald,  R.  J.,  611,  947 

Flanagan,  V.  D.,  667  (Aba.) 

Fleming,  H.  S.,  374,  464,  651  (Abs.),  833 

Flieder,  D.  E.,  732  (Abs.) 

Fluorescence  microscopy,  histologic  study  of 
human  periodontal  structures,  15, 
711  (Abs.) 

Fluorescent  antibody  technics,  application 
to  gingival  tissues,  700  (Abs.) 

Fluoridated  area,  malocclusion  in  children 
in,  661  (Abs.),  782 

Fluoride,  absorption,  effect  of  calcium  and 
phosphorus  on,  727  (Abs.) 
containing  dentifrice  (see  Dentifrice,  fluo¬ 
ride) 

restorative  materials,  antibacterial  ac¬ 
tion  of,  88 

content  of  human  bone,  relation  of  fluoride 
content  to  its  chemical  composi¬ 
tion,  690  (Abs.) 

of  teeth  from  Orient  and  Canadian  Arc¬ 
tic,  129 

problems  in  microanalysis,  1221  (Abs.) 
effect  on  enamel,  dentin  solubility  in  ace¬ 
tate  and  aspartate  buffers,  672 
(Abs.) 

in  enamel  and  reduction  in  dental  caries 
resulting  from  topical  fluoride  ap¬ 
plications,  672  (Abs.) 
human  plasma  content,  673  (Abs.) 
ingestion,  relation  to  urinary  calcium, 
1078 

and  nonfluoride  area,  histology  of  ribs 
from,  1217  (Abs.) 

sodium,  effect  on  calcium  salts  and  dental 
enamel,  691  (Abs.) 
developing  teeth  of  rats,  653  (Abs.) 

pretreatment  of  teeth  prior  to  stannous 
fluoride  application,  681  (Abs.) 
stannous,  combined  effect  with  stannous 
fluoride  dentifrice,  670  (Abs.) 

in  vitro  study  of  effectiveness  in  pre¬ 
venting  tooth  decalciflcation,  672 
(Abs.) 

pretreatment  of  teeth  prior  to  applica¬ 
tion,  691  (Abs.) 

single  topical  application,  671  (Abs.) 
uptake  of  enamel  from  certain  dental  ma¬ 
terials,  755  (Abs.) 


Fluoride-free  salts  and  diet,  a  method  for 
producing,  199  (Annot.) 

Fluorides,  comparative  effects  on  mice  fe¬ 
murs,  464 

Fluorine,  and  teryllium,  complementary  ef¬ 
fect  on  hamster  caries,  670  (Abs.) 
storage,  effect  of  fats  on,  728  (Abs.) 
urinary  levels  in  women  during  pregnancy 
and  after  delivery,  548 

Fluorineis,  autoradiographs  of  solder  joints 
with,  428,  757  (Abs.) 
transport  in  maternal  fetal  circulation  in 
the  rat,  673  (Abs.) 

Fluorosis,  observations  on  mottled  enamel, 
1226  (Abs.) 

Food  ash,  phosphate  and  trace  minerals,  ef¬ 
fect  on  hamster  caries,  1142 
consumption  and  dental  caries  in  salivari- 
adenectomized  and  duct-ligated 
rats,  1235  (Annot.) 

retention,  centrifugal  technic  of  measur¬ 
ing,  704  (Abs.) 
on  tooth  surfaces,  703  (Abs.) 

Fong,  C.  C.,  654  (Abs.) 

Forensic  use  of  saliva,  664  (Abs.) 

Forsaith,  j.,  669  (Abs.) 

Forziati,  a.  F.,  677  (Abs.) 

Fosdick,  L.  S.,  519,  569,  676  (Abs.),  695 
(2  Abs.),  696  (Abs.),  705  (Abs.), 
745  (Abs.),  848,  998 

Fractures,  healing  of  experimentally  pro¬ 
duced,  in  dogs,  696  (Abs.) 
mandibular,  663  (Abs.) 

Frank,  R.  M.,  694  (Abs.) 

Frazier,  L.,  687  (Abs.) 

Freezing,  effect  of  rate  on  preservation  of 
viable  tooth  germs,  418  (Annot.) 

Fremlin,  j.  H.,  1221  (Abs.) 

Friction  and  partial  denture  retention,  1066 

Frisbie,  H.  E.,  650  (Abs.),  668  (Abs.),  735 
(Abe.) 

Fructose,  Ci<,  labeled,  study  of  marginal  seal 
of  dental  restorations  using,  755 
(Abs.) 

Fullmer,  H.  M.,  510 

Fusayama,  T.,  84,  205  (Abs.),  757  (Abs.), 
932 

Fusiform  organism  in  dental  specimens,  me¬ 
dium  for  counting,  311 


VJallagher,  a.,  197  (Annot.) 

Gardner,  A.  F.,  805 
Gardner,  D.  E.,  285,  672  (Abs.) 

Gargiulo,  a.  W.,  700  (Abs.) 

Garn,  S.  M.,  135 

Gatewood,  D.  C.,  721  (Abs.),  755  (Abs.) 
Gaunt,  W.  A.,  1229  (Abs.) 

Gedalia,  I.,  548 

Gehring,  P.  E.,  624,  761  (Abs.) 

Geiger,  J.  F.,  149 
Geller,  j.  H.,  854,  1060 
Germfree  mice,  periodontal  disease,  1238 
(Annot.) 

Germs,  tooth,  survival  of,  after  freezing  in 
liquid  nitrogen,  983 


1250 


INDEX 


Gerstner,  E.,  418'  (Annot.) 

Giant  cells,  multinucleated,  in  cultures  of 
mouse  salivary  glands,  744  (Abs.) 
Gibilisco,  J.  a.,  348 
Gilbertson,  B.  A.,  697  (Abs.) 

Giles,  W.  S.,  654  (Abs.) 

Gilkerson,  S.  W.,  718  (Abs.) 

Gillings,  B.,  702  (Abs.),  754  (Abs.),  1148, 
1156 

Gilmore,  E.,  632  (Annot.),  656  (Abs.) 
Gilmore,  N.  D.,  712  (Abs.),  1195 
Gilmore,  W.  H.,  754  (Abs.) 

Gilmour,  M.  N.,  657  (2  Abs.),  709  (Abs.) 
Gingiva,  effect  of  inflammation  on  mitosis  in, 
712  (Abst.) 

human,  and  rat  tissues,  lysozyme  content, 
726  (Abs.) 

immunohistochemical  localization  of 
plasma  proteins  in,  844  (Annot.) 
Gingival  epithelial  cementing  substance,  hu¬ 
man,  711  (Abs.) 

epithelium,  development  in  the  monkey, 
1215  (Abs.) 

sulcus  of  the  rat,  distribution  of  keratin, 
1224  (Abs.) 

tissues,  application  of  fluorescent  antibody 
technics  to,  700  (Abs.) 

wounds  in  rats,  effect  of  oral  somatotropic 
hormones,  725  (Abs.) 

Gish,  C.  W.,  671  (Abs.),  881 
Gland  ligation,  salivary,  and  salivariadenec- 
tomy,  comparison  of  effects  on 
caries  in  rats,  1129 

Glands,  human,  salivary,  hi.stochemical  lo¬ 
calization  of  hydrolytic  enzymes, 
961 

Glass,  R.  L.,  671  (Abs.) 

Glasseord,  K.  F.,  633  (Annot.) 

Glickman,  I.,  712  (Abs.),  716  (Abs.),  723 
(Abs.),  724  (Abs.),  1195 
Globulin,  salivary,  bacteriolytic  agent,  262 
Glucose,  diffusion  through  microbial  plaques, 
569 

Glycolysis,  inhibition  by  halogenated  com¬ 
pounds,  356 

Glycolyzing  salivary  sediment,  factors  in¬ 
fluencing  pH  differentials,  720 
'  (Abs.) 

Goaz,  P.  W.,  719  (Abs.),  1044 
Goohman,  N.,  998 
Goettee,  E.,  732  (Abs.) 

Gold  alloys,  determination  of  the  noble  metal 
content,  758  (Abs.) 

foil  filling,  microleakage,  749  (Abs.) 

fused  to  porcelain,  759  (Abs.) 

Goldhaber,  P.,  741  (Abs.),  696  (Abs.) 
Gonzales,  F.,  983 
Goodlin,  S.  D.,  683  (Abs.) 

Goodman,  H.  O.,  662  (Abs.) 

Gorlin,  R.  J.,  72,  713  (2  Abs.),  714  (Abs.), 
842  (Annot.),  1008 
Gouge,  S.,  726  (Abs.) 

Gowgiel,  j.  M.,  679  (Abs.) 

Grainger,  R.  M.,  105,  683  (Abs.) 
Gram-positive  oral  filamentous  organism,  657 
(2  Abs.) 

Grand,  N.  G.,  744  (Abs.) 

Grant,  T.  S.,  654  (Abs.) 


Green,  G.  E.,  262,  951 
Green,  G.  H.,  328,  718  (Abs.) 

Greer,  M.  E.,  721  (Abs.),  743  (Abs.) 
Greulich,  R.  C.,  689  (Abs.) 

Grogan,  M.  H.,  662  (Abs.) 

GR0N,  P.,  506,  708  (Abs.) 

Grossman,  L.  I.,  101,  655  (Abs.) 

Growth  centers  in  femurs  and  incisors  in 
mice,  374  (Abs.)  ' 

of  oral  filamentous  microorganisms,  658 
(Abs.)  1 

Guinea  pig,  description  of  molar  teeth  and 
investing  tissues,  216 
effect  .  of  ascorbic  acid  deficiency  on 
teeth  and  periodontal  tissues,  232 
normal  and  scorbutic,  injected  with  as¬ 
corbic  acid  1-Ci<,  396,  729  (Abs.) 
relative  effects  of  vitamin  C  deficiency 
versus  starvation  on  mandibular 
condyle  osteoclasts,  688  (Abs.) 
Gupta,  O.  P.,  685  (Abs.),  724  (Abs.) 
Gurnev,  B.  F.,  42,  736  (Abs.),  1004 
Gypsum  investment,  decomposition  in  pres¬ 
ence  of  carbon,  541 

Haberman,  S.,  743  (Abs.) 

Habestroh,  H.  G.,  720  (Abs.) 

Hackel,  E.,  662  (Abs.) 

Haldi,  j.,  686  (Abs.),  732  (Abs.) 

Haley,  M.  I.,  676  (Abs.),  685  (Abs.) 
Half-thickness  of  dentin  to  P,,  lieta  radia¬ 
tion,  84 
Hall,  D.  M.,  386 

Halogenated  compounds,  inhibition  of  gly-  • 
colysis,  356 
Hames,  L.,  854 
Hammond,  B.  F.,  701  (Abs.) 

Hampel,  A.  T.,  748  (Abs.) 

Hampp,  E.  G.,  658  (Abs.),  947,  979 
Hamster,  amelodentinal  junction  during  early 
development  of  molars,  558 
cheek  pouch,  effect  of  Tween  80  and  pred- 
nisilone  acetate  on  chemical  car¬ 
cinogenesis,  713  (Abs.) 
comparison  of  caries-susceptibility  in  rats, 
cotton  rats  and,  684  (Abs.) 
developing  amelodentinal  junction,  693 
(Ab.s.) 

enamel  matrix,  180 

effect  of  chronic  vitamin  A  deficiency  on 
dental  caries,  1038 

different  dietary  levels  of  metaphospho- 
ric  acid  on  caries,  686  (Abs.) 
fooil  ash,  phosphate  and  trace  minerals 
on  caries,  1142 

stress  on  the  periodontium,  724  (Abs.) 
vitamin  A  deficiency  on  carcinogenesis 
in  submaxillary  glands,  714 
(Abs.) 

experimental  carcinogenesis  in  submaxil¬ 
lary  glands,  713  (Abs.) 
induction  of  rampant  caries  in,  525 
molars,  formation  of  periodontal  tissues 
around  transplanted  molars,  682 
(Abs.) 

use  of  a  semiliquid  postoperative  diet 
following  reimplantation,  667 
(Abs.) 


INDEX 


1251 


Hamster — Cent 'd 

occurrence  of  Actinomyces  bovis  in,  842 
(Annot.) 

Hamula,  W.,  660  (Abs.) 

Handpieces,  high-speed,  noise  from,  760 
(Abs.) 

operating  characteristics  under  load,  760 
(Abs.) 

response  of  human  dental  pulp  to,  1231 
(Abs.) 

Hard  tissue,  deposition  of,  694  (Abs.) 

initiation  of  calcification,  1213  (Abs.) 

Hardwick,  J.  L.,  1221  (Abs.) 

Hargreaves,  G.,  356 

Harrington,  D.  P.,  910 

Harris,  N.,  672  (Abs.) 

Harris,  R.  S.,  686  (Abs.),  1142 

Harris,  S.  C.,  477 

Hartles,  R.  L.,  1223  (Abs.) 

Harvey,  B.  L.  C.,  712  (Abs.) 

Hatt,  S.  D.,  1229  (Abs.) 

Hausmann,  E.,  728  (Abs.) 

Hayden,  J.,  671  (Abs.) 

Hayes,  P.  A.,  696  (Abs.) 

Hayward,  J.  R.,  698  (Abs.) 

Hazen,  S.  P.,  710  (Abs.) 

Heat,  pulp  response,  740  (Abs.) 
treatment,  effect  on  microstructure  and 
hardness  of  cast  gold  alloy,  888 

Hedegard,  B.,  759  (Abs.) 

Heidberg,  a.  K.,  664  (Abs.) 

Hemodynamics,  comparison  between  maxil-  j 
lary  and  mandibular,  730  (Abs.) 

Hemophilia,  corticosteroids,  and  oral  surgery, 
742  (Abs.) 

Hendershot,  L.  C.,  669  (Abs.),  1056 

(Annot.) 

Henriques,  B.  L.,  733  (Abs.) 

Henry,  R.,  751  (Abs.) 

Hereditary  variation  in  the  craniofacial 
skeleton,  665  (Abs.) 

Heredity  and  dental  caries,  337 
heritability  of  dental  caries  and  related 
salivary  compounds,  662  (Abs.) 

Hewes,  C.  G.,  592,  687  (Abs.),  694  (Abs.) 

Hileman,  a.  C.,  15,  711  (Abs.) 

Hilger,  E.  G.,  683  (Abs.) 

Hill,  I.  N.,  661  (Abs.),  782 

Histochemical  analysis  of  lesions  in  incipient 
dental  caries,  592,  687  (Abs.) 
demonstration  of  cytochrome  oxida.se  in 
oral  tissues,  728  (Abs.) 
observations  on  the  osteoclasts  in  the  ia 
rat,  688  (Abe.) 

radiological  and  biochemical  studies  of 
ascorbic  acid  in  the  guinea  pig, 
396,  729  (Abs.) 

study  of  secondary  cartilage  of  the  con¬ 
dyle  of  the  mandible  in  rats,  1220 
(Abe.) 

of  pathologic  keratosis  on  oral  mucosa, 
716  (Abs.) 

Histochemistry  of  bone  matrix  during  rest 
and  resorption,  1082 

Histologic  changes  in  five  transplanted  hu¬ 
man  third  molars,  667  (Abs.) 
observations  on  morphology  of  blood  ves¬ 
sels  in  canine  and  human  tooth 
pulp,  552 


Histologic — Cont 'd 

study  of  human  periodontal  structures 
using  fluorescence  and  visible 
light  microscopy,  15,  711  (Abs.) 
of  reactions  to  injury  in  lathyritic  rats, 
740  (Abs.) 

Histology  of  ribs  from  a  fluoride  and  a  non¬ 
fluoride  area,  1217  (Abs.) 

Hitchin,  a.  D.,  1233  (Abs.) 

Hodges,  E.,  659  (Abs.) 

Hodson,  j.  T.,  483 

Hoerman,  K.  C.,  1222  (Abs.) 

Hoff-Man,  R.  L.,  682  (Ate.) 

Hoixiate,  R.  N.,  1232  (Abs.) 

Hollenback,  G.  M.,  756  (Abs.) 

Holloway,  P.  J.,  684  (Abs.),  1223  (Abs.) 

Homma,  K.,  1133 

Hoppe,  J.  O.,  747  (Abs.) 

Hoppert,  C.  a.,  67,  177,  587,  731  (Abs.), 
1166 

Hormone  injections,  oral  .somatotropic,  effect 
on  gingival  wounds  in  rats,  725 
(Abs.) 

Hormones,  thyroid  and  testosterone,  effect 
on  salivary  gland  phosphorus  and 
nucleic  acid  content,  732  (Abs.) 

Horowitz,  S.  L.,  665  (Abs.) 

Hosoda,  H.,  751  (Abs.),  932 

Howell,  C.  L.,  671  (Abs.),  881 

Hoyer,  H.,  664  (Abs.) 

Hi'ELKE,  D.  F.,  663  (Abs.) 

Huffines,  R.  a.,  730  (Abs.) 

Hughston,  H.  H.,  323 

Huh,  C.,  569,  705  (Abs.) 

Human,  caries-immune,  bacteriolytic  agent 
in  salivary  globulin,  262 
caries,  salivary  and  plaque  lactobacilli  in 
the  prognosis  of,  951 
enamel,  mineralization  pattern  of,  1095 
organ,  development  of,  1230  (Abs.) 
rate  of  penetration  by  aci  He  buffers, 
677  (Abs.) 

gingiva,  immunohistochemical  localization 
of  pla.sma  proteins  in,  844  (An¬ 
not.) 

and  various  rat  tissues,  lysozyme  content, 
726  (Aba.) 

gingival  epithelial  intercellular  cementing 
substance,  711  (Abs.) 
infants,  leukocytes  in  saliva  of,  1223 
(Abs.) 

molar  teeth,  incidence  of  enamel  pearls  in, 
1230  (Abs.) 

oral  epithelium  exposetl  to  hydrogen  perox¬ 
ide  mitotic  activity,  700  (Alw.) 
pathological  and  normal,  1216  (Abs.) 
parotid  secretion,  733  (Abs.) 

sodium  and  potassium  concentrations 
of,  1222  (Abs.) 
time  course,  172 

plasma  fluoride  contents,  673  (Abs.) 
response  to  implants  of  anorganic  bone, 
699  (Abs.) 

saliva,  antibacterial  action  of,  659  (Abs.) 
salivary  glands,  localization  of  hydrolytic 
enzymes  in,  961 

teeth,  age  changes  in,  681  (Abs.) 

removal  of  microscopic  particles,  704 
(Abs.) 


1252 


INDEX 


Human — Cent ’d 

tooth  pulp,  response  to  ultra  high-speed 
rotary  instruments,  1231  (Ahs.) 
morphology  of  blood  vessels,  552 
twins,  oral  environmental  factors,  662 
(Abs.) 

Hungarv,  dental  condition  of  children,  451 

Hunt,  A.  M.,  216,  232 

Hunt,  H.  R.,  67,  177,  587,  731  (Abs.),  1166 

Hunter,  D.,  681  (Abs.) 

Hurley,  L.  A.,  699  (Abs.) 

Hydrocortisone,  effect  on  recurrent  Miku¬ 
licz’s  aphthae,  1233  (Abs.) 

Hydrogen  peroxide-induced  caries  and  perio¬ 
dontal  changes,  726  (Abs.) 

mitotic  activity  in  human  oral  epithe¬ 
lium  exposed  to,  700  (Abs.) 

Hydrolytic  enzyme  activity  of  dental  plaque, 
706  (Abs.) 

liistochemical  localization  of,  in  human 
salivary  glands,  961 

of  mammalian  salivary  glands,  734 
(Abs.) 

Hydroxylapatite  crystals,  packed  in  void 
space,  691  ( Abs. ) 

electrophoretic  studies,  1222  (Abs.) 

Hyperkeratosis  in  hamsters,  716  (Abs.) 

Hypervitaminosis  A,  anomalous  oculodento- 
facial  pattern  produced  in  new¬ 
born  rats  by  maternal,  149 
effect  on  incisor  and  molar  teeth,  alveolar 
bone,  and  temporomandibular 
joint  of  weanling  rats,  1008 

Hypoplastic  teeth,  relation  to  surgical  trauma 
in  cleft  repair,  652  (Abs.) 

Hypoxia,  effect  on  developing  enamel,  651 
(Abs.) 

T  GNITION  of  dental  enamel,  mechanism  for 
formation  of  beta-tricalcium  phos¬ 
phate  during,  692  (Abs.) 

IizuKA,  T.,  200  (Abs.) 

Ihada,  H.,  200  (Abs.),  201  (Abs.) 

IMAGAWA,  Y.,  204  (Abs.) 

Immunohistochemical  localization  of  plasma 
albumin  in  murine  dentinal  tis¬ 
sue,  1239  (Annot.) 

of  plasma  proteins  in  human  gingivae, 

,  844  (Annot.) 

Implants,  bone  {see  Bone  implants) 
dental  materials,  induction  of  sarcoma  in 
rats,  715  (Abs.) 

polyvinyl  sponge,  role  of  ascorbic  acid  in 
maintenance  of  blood  vessel  walls, 
680  (Abs.) 

pulp  capping  materials,  rat  tissue  reac¬ 
tions,  738  (Abs.) 

Impression  materials,  alginate,  flow  and 
elastic  properties,  1228  (Abs.) 

elastic,  detail  duplication,  751  (Abs.) 
surface  reproduction  of,  751  (Abs.), 
932 

silicone,  dimensional  stability,  751 
(Abs.) 

Inaba,  T.,  84 

Incisor  and  molars,  rat,  effect  of  hypervita¬ 
minosis  A  on,  1008 

measurement  of  intrusion,  661  (Abs.) 
in  mouse,  parotin  and  growth  centers,  374 


Incisor — Cont ’d 

pulp,  rodent  peripheral  capillaries  in,  969 

India,  cementum  thickness  of  teeth  from, 
668  (Abs.) 

Indian  teeth,  ancient,  trace  elements  in,  285 

Infection,  focus  of,  determination,  655 
(Abs.) 

Inflammation,  effect  on  mitosis  in  gingiva  at 
two  ages,  712  (Abs.) 

Ingino,  a.  L.,  679  (Abs.) 

Inhibition  of  glycolysis  by  halogenated  com¬ 
pounds,  356 

Inlay  and  crown  porcelains,  phase  composi¬ 
tion,  483 

Inoculation  and  transmission  of  caries,  684 
(  Abs. ) 

Inorganic  constituents  of  parotid  secretion, 
746  (Abs.) 

Indue,  M.,  201  (Abs.) 

Indue,  Y.,  203  (Abs.) 

Intact  tooth,  effect  of  age  and  exposure  to 
saliva  on  permeability,  676  (Abs.) 

Integument,  interdental  epithelial,  1219 
(Abs.) 

Integumental  landmarks,  variation  in  lip 
posture,  660  (Abs.) 

Intercardiae  perfusion  of  small  animals,  1218 
(Abs.) 

International  Association  for  Dental  Re¬ 
search,  Abstracts  of  papers  pre¬ 
sented  at  general  meeting  ses¬ 
sions,  abstracts  1-98,  650;  ab¬ 
stracts  99-220,  700 
abstracts  of  symposiums  I  and  II, 
693 

abstracts  of  papers  presented  to 
Dental  Materials  Group,  749 
announcement  of  1960  General  Meet¬ 
ing,  2,  426,  638,  846,  1058 
British  division,  proceedings  of  7tli 
annual  meeting,  1213 
general  meeting,  proceedings,  766 
Japanese  division,  1959  meeting,  200 

Intracellular  canaliculi  in  salivary  glands  of 
mice,  745  (Abs.) 

Intralobular  duct,  changes  with  ligation,  735 
(Abs.) 

Intraoral  transplantation  of  teeth,  654 
(Abs.) 

Intra-uterine  x-radiation,  effect  on  bones  and 
teeth  of  mice,  666  (Abs.) 

Investing  tissues  of  molar  teeth  of  guinea 
pigs,  description,  216 

Investment  compounded  specifically  for 
ceramic  procedures,  762  (Abs.) 
gypsum,  decomposition,  in  presence  of  car¬ 
bon,  541 

Ion  effects  on  enamel  and  dentin  solubility, 
675  (Abs.) 

Irradiation,  local  x-ray,  effect  on  teeth  of 
adult  axolotl,  301 

ITD,  H.,  203  (Abs.) 

Jabldn,  J.  M.,  748  (Abs.) 

Jacksdn,  D.,  1217  (Abs.) 

Jaudbsdn,  B.  M.,  742  (Abs.) 

Jansen,  J.  A.,  753  (Abs.) 

Jee,  W.  S.  S.,  692  (Abs.) 


INDEX 


1253 


.Teffay,  H.,  396,  729  (Abs.) 

Jenkins,  G.  N.,  704  (Abs.),  1225  (Abs.) 
Jennings,  W.  E.,  677  (Abs.) 

Johansen,  E.,  693  (Abs.) 

Johnson,  P.  L.,  420  (Annot.) 

Johnson,  W.  R.,  688  (Abs.) 

Johnston,  J.  F.,  759  (Abs.) 

Jordan,  J.  V.,  611 
JORESS,  S.,  655  (Abs.) 

Jorgensen,  A.,  682  (Ab.s.),  704  (Abs.) 

Jorgensen,  K.  D.,  491 

Jump,  E.  B.,  662  (Abs.),  667  (Abs.) 


Jv  AIRES,  A.  K.,  888 
Kai.nins,  V.,  735  (Abs.) 

Kapur,  K.  K.,  677  (Abs.) 

Kasai,  G.  J.,  658  (Abs.) 

Kato,  T.,  203  (Abs.) 

Kawakami,  N.,  200  (Abs.) 

Kay,  j.  H.,  328 
Keller,  G.  ,I.,  667  (Ab-s.) 

Keller,  S.  E.,  663  (AVis.),  682  (Abs.) 
Kendrick,  G.  S.,  741  (Abs.) 

Keratin  in  the  gingival  sulcus  of  the  rat, 
1224  (Abs.) 

Keratosis  of  the  oral  mucosa,  716  (Abs.) 
Keyes,  P.  H.,  525,  684  (Abs.) 

Kilpatrick,  S.  J.,  1219  (Abs.) 

Kincaine,  relative  anesthetic  potency,  477 
King,  C.  G.  T.,  652  (Abs.) 

Kizu,  K.,  500 
Kleinberg,  I.,  704  (Abs.) 

Klingsberg,  j.,  419  (Annot.),  421  (Annot.) 
Koehler,  H.  M.,  748  (Abs.) 

Koser,  S.  a.,  156,  659  (Abs.) 

Krabowski,  M.,  422  (Annot.) 

Kraintz,  L.,  738  (Abs.) 

Kraus,  B.  S.,  650  (Abs.),  669  (Abs.) 
Kraus,  F.  W.,  664  (Abs.) 

Kreshover,  8.  J.,  665  (Abs.) 

Krikos,  G.  a.,  27,  740  (Abs.) 

Kudahl,  ,1.  N.,  1221  (Abs.) 

Kuhl,  G.,  692  (Abs.) 

Kumano,  8.,  201  (Abs.) 

Kunde,  M.  L.,  691  (Abs.) 

Kydd,  W.  L.,  754  (Abs.) 


L  ORGANISMS,  growth  and  incidence,  656 
(Abs.) 

incidence  and  distribution,  632  (Annot.) 
Lactate,  buffer,  changes  in  microhardness  of 
enamel  following  treatment  with, 
293 

concentration  and  pH,  effects  of  saliva  on, 
848 

Lactobacillus,  and  plaque,  in  the  prognosis 
of  human  caries,  951 

l>actericidin,  studies  on  antibacterial  ac¬ 
tion  of  human  saliva,  659  (Al>s.) 
effect  of  Candida  albicans  on  growth  of, 
659  (Abs.) 

of  repeated  additions  of  sulmptimum 
amounts  of  a  required  vitamin  on 
growth  and  acid  production,  156 
salivary,  alterations  in  counts  following 
essential  dental  procedures  in 
children,  721  (Abs.) 

survey  including  pigmented  strains  from 
the  oral  cavity  of  white  rats,  611 


Lactobacillus-yeast-saliva  interrelationships, 
719  (Abs.),  1044 

Lamina  during  early  development,  vascular 
relationships,  1229  (Abs.) 

Larson,  R.  H.,  1207,  1240  (Annot.) 
Lasater,  R.  L.,  760  (Abs.) 

Laskin,  D.  M.,  689  (Abs.),  690  (Abs.) 
Lathyritic  rats,  reaction  to  injury,  740 
(Abs.) 

tissue  mucopolysaccharides  in,  740 
(Abs.) 

Law,  M.  L.,  686  (Abs.) 

Leach,  S.  A.,  1222  (Abs.) 

Leaver,  A.  G.,  1223  (Abs.) 

Lee,  W.  a.,  690  (Abs.) 

Lefkowitz,  W.,  666  (Abs.),  740  (Abs.) 
Lehman,  D.,  689  (Abs.) 

Leicester,  H.  M.,  670  (Abs.) 

Lekan,  E.  C.,  690  (Abs.) 

Leone,  N.  C.,  690  (Abs.) 

Lesions,  carious,  microradiographic  and 
polarized  light  studies  of,  1187 
incipient,  592,  687  (Abs.) 

Leukocytes  in  the  saliva  of  infants,  1223 
(Abs.) 

Leung,  8.  W.,  689  (Abs.) 

Levin,  L.  K.,  172 
Levy,  B.  M.,  715  (Abs.) 

Lewis,  A.  B.,  135 

Ligation,  changes  in  the  intralobular  duct 
with,  735  (Abs.) 

Liggett,  R.  W.,  197  (Annot.) 

Lightfoot,  L.  H.,  96 
Likins,  R.  C.,  691  (Abs.) 

Lindenmeyer,  R.  8.,  760  (Abs.) 

Liners,  opaque,  effect  on  shade  of  porcelain 
veneers,  759  (Abs.) 

Lionetti,  F.  j.,  746  (Abs.) 

Lip  posture,  variation  of  integumental  land¬ 
marks  in  relation  to,  660  (Abs.) 
Lisanti,  V.  F.,  746  (Abs.) 

Little,  K.,  1224  (Ate.) 

Little,  M.  F.,  285,  674  (Abs.),  706  (Ate.) 
Lobene,  R.,  707  (Abs.) 

Local  anesthetics,  methotl  for  determining 
efficiency,  348 

relative  potencies:  pro<-aine,  oracaine, 
kincaine,  and  xvlo4*aine,  477 
Logan,  F.  W,,  701  (Ate.)* 

Lojda,  Z.,  443 

I.A>SEE,  F.  L.,  677  (Abs.),  699  (Ate.) 
Lovett,  D.  W.,  9,  36 
Lucas,  R.  B.,  1231  (Aks.) 

Luduena,  F.  P.,  747  (Abs.) 

Luke,  J.  E.,  662  (Abs.) 

Lund,  M.  R.,  751  (Ate.) 

Lundeen,  H.,  662  (Abs.) 

Lux,  V.  J.,  746  (Abs.) 

Lymphatic  drainage  of  teeth  in  dogs,  dem¬ 
onstrated  by  radioactive  colloidal 
gold,  198  (Annot.) 

Lyon,  H.  W.,  688  (Ate.),  699  (2  Ate.) 
Lysozyme  content  of  human  gingiva  and 
various  rat  tissues,  726  (Abs.) 


^^acaca  rhesus  monkev,  growth  of  skull, 
741  (Abs.) 

McCabe,  J.  B.,  663  (Ate.) 

McClendon,  J.  F.,  199  (Annot.) 


1254 


INDEX 


McClure,  F.  J.,  690  (Abs.),  776 
McConnell,  D.,  740  (Abs.) 

McCormick,  J.,  703  (Ab.s.) 

MacDonald,  J.  B.,  722  (Abs.),  723  (Abs.) 
McDonald,  R.  E.,  738  (Abs.),  860 
McFall,  T.  a.,  742  (Abs.) 

McGovern,  J.  J.,  742  (Abs.> 

MacGregor,  A.  B.,  1227  (Abs.),  1055  (An- 
not.) 

McHugh,  W.  D.,  1215  (Abs.) 

Maclaren,  C.,  675  (Abs.) 

McMillan,  L.,  695  (2  Alis.),  696 
Magnesian  whitlockite,  1221  (Abs.) 

Mahler,  D.  B.,  749  (Abs.),  756  (2  Abs.) 
Malocclusion,  in  children  in  a  fluoridated 
and  control  area,  661  (Abs.),  782 
in  491  four-year-old  children,  661  (Abs.) 
eruption  pattern  of  first  permanent  molar, 
1233  (Abs.) 

Man,  development  of  oxytalan  fibers  in  perio¬ 
dontium,  510 

Man  DEL,  I.  D.,  654  (Abs.) 

Mandible,  chick  embryo,  effect  of  amino- 
acetonitrile  on,  741  (Abs.) 
methods  of  investigating  the  vascular 
architecture  of  the,  920 
Mandibular  artery,  blood  flow,  and  blood 
pressure,  244 

condyle  in  rabbits,  excision  of  the  articu¬ 
lar  surface,  1220  (Abs.) 
deformations  and  fractures,  663  (Abs.) 
extoses,  formation  in  rats,  688  (Abs.) 

hemodynamics,  730  (Abs.) 

effects  of  temperature  changes  on,  731 
(Abs.) 

and  maxillary  extoses  in  rats,  688  (Abs.) 
motion,  technic  for  studying,  662  (Abs.) 
nerve-blocking  agents,  blood  flow  and 
blood  pressure  responses  to,  276 
ramus,  effect  of  sweet  peas  on  growth  of, 
805 

Mangi,  S.  L.,  88 

Manly,  R.  S.,  356,  677  (Abs.),  720  (Abs.), 
910 

Manney,  V.  R.,  760  (Abs.),  761  (Abs.) 
Manometric  studies  of  metabolic  factors  in 
caries-immune  saliva,  718  (Abs.) 
Mansbridge,  j.  N.,  337 
Mansell,  R.  E.,  669  (Abs.) 

Marsland,  E.  a.,  1231  (Abs.) 

Marwah,  a.  S.,  712  (Abs.) 

Mashimo,  P.  a.,  718  (Abs.) 

Mast  cells,  distribution  in  oral  tissues  of 
rats,  1215  (Aba.) 

granules,  rat,  morphological  alterations, 
700  (Abs.) 

in  oral  mucosa  and  skin  of  albino  rats, 
age  variations  in  number  of,  631 
(Annot.) 

Masticatory  physiology,  consideration  of  an 
accepted  concept  of,  703  (Abs..) 
Materials,  dental  (see  Dental  materials) 
Matthews,  J.  L.,  244,  276,  666  (Abs.),  730 
(Abs.),  731  (Abs.),  940 
Maxilla  and  pre-maxilla,  roles  in  the  forma¬ 
tion  of  the  face,  669  (Abs.) 
Maxillary  extoses,  formation  in  rats,  688 
( Abs. ) 

and  mandibular  hemodynamics,  a  com¬ 
parison,  730  (Abs.) 


Mazzarella,  M.  a.,  656  (2  Abs.),  706 
(Abs.),  745  (Abs.) 

Melfi,  R.  C.,  702  (Abs.) 

Meng,  H.,  844  (Annot.) 

Mergenhagen,  S.  E.,  979 

Metabolic  distribution  of  2-Ci*  5:5  diphenyl- 
hydantoin  in  the  ferret,  727 
(Abs.) 

factors  in  caries- rampant  and  caries-im¬ 
mune  saliva,  manometric  studies, 
718  (Abs.) 

rate  of  sialoadenecetomized  and  intact 
rats,  732  (Abs.) 

Metabolism,  of  calcium  and  strontium  in  the 
rat,  691  (Abs.) 

carbohydrate,  fluorine  storage  and  choles¬ 
terol,  effect  of  fats  on,  728  (Abs.) 
oxidative,  of  salivary  glands,  733  (Abs.) 

Metabolite  diffusion  of  niacin  through  den¬ 
tin  and  effect  on  bacterial  pene¬ 
tration,  679  (Abs.) 

Metals,  effects  on  rat  caries  and  enamel  metal 
levels,  669  (Abs.) 

heavy,  deposition  in  living  hard  tissue, 
694  (Abs.) 

Meyer,  R.  K.,  998 

Microbial  plaques,  diffusion  of  glucose 
through,  569 

permeability  of,  705  (Abs.) 

Microflora  of  the  dental  plaque  and  saliva, 
745  (Abs.) 

oral,  effect  of  salivariadenectomy  in  Hunt- 
Hoppert  caries-resistant  rats  on, 
587 

of  selective  salivariadenectomy  on,  1166 
salivary,  respiration  and  its  relation  to 
dental  caries,  328 

Micrography  and  microradiography  of  den¬ 
tin,  651  (Abs.) 

Microhardness  of  enamel,  changes  following 
treatment  with  lactate  buffer,  293 
fluorosed  enamel,  674  (Abst.) 
of  human  dentin,  relationship  of  structure 
to,  624,  761  (Ab.s.) 

Microorganism  (see  also  individual  organism) 
oral  filamentous,  cultural  characteristics 
and  microbial  relationships  af¬ 
fecting  growth,  1016 

Microradiographic,  and  microhardness  stud¬ 
ies  on  fluorosed  enamel,  674 
(Abs.) 

and  polarized  light  studies  of  initial  car¬ 
ious  lesions,  1187 

and  polarizing  microscopic  study  of  sound 
enamel,  1181 

Microradiographs,  correlation  with  dentin 
sections,  1224  (Abs.) 

Microradiography,  and  micrography  of  den¬ 
tin,  651  (Abs.) 

of  organic  bone  constituents  in  normal 
growth,  689  (Abs.) 

Microscopy,  fluorescence,  histologic  studies  of 
human  periodontal  structures  uti¬ 
lizing,  711  (Abs.) 

Microstructure,  effect  on  the  physical  prop¬ 
erties  of  chromium  cobalt  alloys, 
758  (Abs.) 

Migrated  teeth,  clinical  rule  for  reposition¬ 
ing  periodontally-involved  teeth, 
825 


INDEX 


1255 


1 


Mikulicz’s  aphthae,  effect  of  hydrocortisone 
hemisuccinate  on,  1233  (Abs.) 

Miller,  E.  F.,  680  (Abs.) 

Miller,  G.  E.,  756  (Abs.) 

Miller.  J.,  1233  (Abs.) 

Mineral-fiber  relationships  in  the  develop¬ 
ment  of  bone,  dentin,  and  enamel, 

1214  (Abs.) 

Mineralization  pattern  of  human  dental 
enamel,  678  (Abs.),  1096 

Minerals,  trace,  effect  upon  hamster  caries, 
1142 

Mink,  J.  R.,  632  (Abs.) 

Minoan  teeth,  1225  (Abs.) 

Mitchell,  D.  F.,  715  (Abs.),  738  (Abs.) 

Mitosis,  change  in  cell  dimension  and  “re¬ 
cruitment”  as  factors  in  growth 
of  the  internal  enamel  epithelium, 

1215  (Abs.) 

in  gingiva,  effect  of  inflammation  on,  712 
(Abs.) 

of  human  oral  epithelium  when  expose<l 
to  hydrogen  peroxide,  700  (Abs.) 

Mitziga,  D.  W.,  687  (Abs.),  700  (Abs.) 

Mizera,  G.  T.,  750  (Abs.) 

Moffett,  B.  C.,  663  (Abs.) 

Mohammed,  C.  I.,  396,  729  (Abs.) 

Molars,  developing,  vascular  supply,  653 
(  Abs. ) 

and  incisors,  rat,  effect  of  hypervitamino- 
sis  A  on,  1008 

and  investing  tissues  of  guinea  pigs,  216 

mouse,  effect  of  early  loss  of  function  on, 
725  (Abs.) 

primary,  infected,  bacteriological  study  of, 
655  (Abs.) 

rat,  effect  of  ultrasonic  field  on  pulp  and 
periodontal  tissues  of,  723  (Abs.) 

transplanted,  histologic  changes  in,  667 
(Abs.) 

Molnar,  E.  j.,  753  (Abs.) 

Mongolism,  periodontal  aspects  of,  660 
(Abs.) 

Monkey,  development  of  the  gingival  epithe¬ 
lium,  1215  (Abs.) 

Macaca  rhesus,  growth  of  skull,  741  (Abs.) 

teeth,  effect  of  ultrasonic  applications  on, 
739  (Abs.) 

Moore,  E.  E.,  244,  276,  731  (Abs.) 

Mordant  blue  13,  C.  I.,'  16680,  used  for  the 
determination  of  calcium  in  sa¬ 
liva,  746  (Abs.) 

Morphological  alterations  of  rat  mast  cell 
granules,  700  (Abs.) 

Morphology  of  blood  vessels  of  canine  and 
human  tooth  pulp,  552 

and  size  of  teeth,  differences  in  caries- 
resistant  and  caries-susceptible 
rats,  105 

of  teeth,  nutrition  and  dental  caries  in 
rats,  683  (Abs.) 

Morris,  A.  L.,  716  (Abs.) 

Morrison,  K.  N.,  762  (Abs.) 

Morse,  A.,  688  (Abs.) 

Mortimer,  K.  V.,  1226  (Abs.) 

Mottled  enamel,  nitrogen  content  and  den¬ 
sity,  369  (Abs.) 

Mouse,  some  age  changes  in  periodontium  of, 
712  (Abs.) 


Mouse — Cont ’d 

albino,  some  age  changes  in  periodontium 
of,  1195 

alloxan  diabetes  and  the  enamel  protein  in, 
651  (Al)s.) 

bones  and  teeth,  effect  of  intra-uterine 
x-radiation,  666  (Abs.) 

effect  of  early  loss  of  function  on  molars 
of,  725  (Abs.) 

on  lips  and  ears  of  tobacco  smoke  and 
ultraviolet  irradiation,  715  (Abs.) 

femurs,  comparative  effects  of  fluorides 
on,  464  (Abs.) 

germfree,  periodontal  disease  in,  1238 
( Annot.) 

intracellular  canaliculi  in  salivary  glands, 
745  (Abs.) 

osteogenic  sarcoma  of  the  jaws,  715  (Abs.) 

salivary  gland,  multinucleated  giant  cells 
in  cultures  of,  744  (Abs.) 

BW1081,  tumor,  577 

tooth  germs,  survival  after  freezing  in 
liquid  nitrogen,  983 

transplantable  salivary  gland  tumor  and 
x-radiation,  714  (Abs.) 

Mouth,  carious,  calculus  and  the,  706  (Abs.) 

prop  for  oral  examinations  and  operative 
procedures  in  rodents,  830 

Mucopolysaccharase  activity  of  oral  spiro¬ 
chetes,  979 

in  tissue  of  lathyritic  rats,  740  (Abs.) 

Muhler,  j.  C.,  121,  618,  670  (2  Abs.),  671 
(Abs.),  727  (Abs.),  728  (Abs.), 
731  (Abs.),  795,  823,  881,  901, 
994,  1052  (Annot.),  1053  (An¬ 
not.),  1075,  1078,  1129,  1178, 
1235  (Annot.),  1236  (Annot.) 

Muller,  A.,  776 

Muller,  G.,  668  (Abs.) 

Multinucleated  giant  cells  in  cultures  of 
mouse  salivary  gland,  744  (Abs.) 

Munson,  P.  L.,  744  (Ate.) 

Murata,  H.,  200  (Ate.),  201  (Ate.) 

Murine  dentinal  tissue,  immunohistochemical 
localization  of  plasma  albumin  in, 
1239  (Annot.) 

Murphy,  J.  F.,  749  (Abs.) 

Myers,  H.  I.,  667  (Ate.),  688  (Ate.) 

Myers,  H.  M.,  691  (Abs.) 

Myographic  aspects  of  the  swallow,  1219 
(Abs.) 

N  AKAHARA,  H.,  665  (Ate.) 

Nakamura,  E.,  204  (Ate.) 

N,ai3ANI)IAN,  j.,  681  (Abs.) 

Naphthalenes,  chlorinated,  experimental  pro¬ 
duction  of  X-disease  (hyperker¬ 
atosis)  using,  716  (Abs.) 

Neberoall,  W.  H.,  692  (Ate.) 

Nerves  of  human  tooth  pulp,  1133 

Nervous  accommodation,  symptomatology, 
histology  of  normal  and  patho¬ 
logic  tooth  pulp,  correlation  be¬ 
tween,  866 

Nevin,  T.  a.,  658  (Ate.) 

Newbrun,  E.,  293,  674  (Abs.) 

Newton,  W.  L.,  1238  (Annot.) 
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Niacin,  diffusion  through  dentin  and  effect 
on  bacterial  penetration,  679 
( Abs.) 

Nielsex,  J.  P.,  541 
Nikifori’K,  G.,  675  (Abs.) 

Nitrogen,  content  and  density  of  mottled 
enamel,  369 

of  zones  distinguished  by  reflected  light 
in  enamel  sections  from  unerupted 
third  molars,  3 

distribution  in  human  enamel,  436 
liquid,  survival  of  mouse  tootli  germs 
after  freezing  in,  983 
Nizee,  a.  E.,  686  (Abs.),  1142 
Nobee,  H.,  253 

Noble  metal  content  of  dental  gold  alloys, 
determination  of,  758  (Abs.) 
Noete,  W.  a.,  735  (Abs.) 

Norman,  1).  H.,  281 
Norman,  R.  1).,  756  (Abs.),  1028 
Nor-MORE,  W.,  687  (Abs.) 

Nucleic  acid  content  and  salivary  gland 
phosphorus,  effect  of  thyroid  hor¬ 
mone  and  testo.sterone  on,  732 
(Abs.) 

Nutrition,  of  oral  acidogens,  role  of  acidity 
of  saliva,  96 

tootli  morphology  and  dental  caries  in 
rats,  68,3  (Abs.) 

Ni'TTER,  R.  L.,  844  (Annot.) 

OAT  hulls,  effect  on  dental  caries  in  rats, 
823 

O’Brien,  W.  J.,  541 

Oculoilentofacial  pattern,  anomalous,  in  new¬ 
born  rats  produced  by  maternal 
hypervitaminosis  A,  149 
O’Day,  P.,  676  (Abs.),  685  (Abs.) 

OtiEESBY,  P.,  759  (Abs.) 

Ohme,  H.  E.,  172 
Omata,  R.  R.,  979 
Onisi,  M.,  203  (Abs.),  311 
Operative  procedures,  a  mouth  prop  for 
rodents,  830 
Opinsky,  j.  S.,  208 

Opossum,  amelogenesis  in,  650  (Abs.) 
Oracaine,  relative  ane.sthetic  potency,  477 
Oral,  bacteria,  collagenolytic,  i.solation  by 
enrichment  culture,  718  (Abs.) 
carcinogenesis,  effect  of  vitamin  A  de¬ 
ficiency,  72 

cavity,  clinical  significance  of  PPLO  in, 
656  (Abs.) 

distribution  of  some  enzymes  in  soft  tis¬ 
sue  of,  443 

isolation  of  PPLO  from,  656  (Abs.) 
changes  in  normal  and  scorbutic  guinea 
pigs  injected  with  ascorbic  acid 
1-014,  396,  729  (Abs.) 
environmental  factors  in  human  twins,  662 
(Abs.) 

filamentous  microorganism,  characterization 
and  streptococcal  antagonism,  658 
(Abs.) 

cultural  characteristics  and  microbial 
relationships  affecting  growth, 
1016 

grpm-positive,  reproduction,  657 
(Abs.) 

studies,  657  (Abs.),  658  (Abs.) 


Oral — Cont ’d 

microflora,  effect  of  selective  salivari- 
adenectomy  on,  1166 

mucosa,  keratosis  of,  716  (Abs.) 

somatotropic  hormone  injections,  effect  on 
gingival  woumls  in  rats,  725 
( Abs. ) 

surgery,  extractions,  transient  bacteremia 
following,  743  (Abs.) 
factors  influencing  bacteremias  follow¬ 
ing,  743  (Abs.) 

hemophilia  and  corticosteroids,  742 
(Abs.) 

temperatures,  reduced,  and  acid  produc¬ 
tion  rates  in  dental  plaques,  705 
(Ab.s.),  905 

tissues,  histochemical  demonstration  of  cy¬ 
tochrome,  728  (Abs.) 

Organic  bone  constituents  in  normal  growth, 
microradiography  of,  689  (Abs.) 

Orient,  fluoride  content  of  liuman  teeth  from, 
129 

Oreand,  P.  j.,  687  (Abs.) 

Osborne,  R.  H.,  665  (Abs.) 

Osborne-Mendel-susceptible  rats,  1166 

Osteoclasts,  in  the  ia  rat,  histochemical  ob¬ 
servations,  688 

numbers,  mandibular  condyle,  effects  of 
vitamin  C-deficiency  versus  starva¬ 
tion  in  guinea  pig,  688  (Abs.) 

Osteogen,  effect  in  extraction  sockets  of  rats, 
697  (Abs.) 

Osteogenic  sarcoma  of  the  jaws  of  mice,  715 
(Abs.) 

OSTROM,  C.  A.,  699  (Abs.) 

Ovariectomy,  effects  on  the  periodontium  of 
experimental  animals,  724  (Abs.) 

Oxidation-reduction  potentials,  salivary,  281 

Oxidative  enzyme  systems  in  ossifying  car¬ 
tilage,  1213  (Abs.) 

metabolism  of  salivary  glands,  733  (Abs.) 

Oxygen  quotient  of  normal  bovine  dental 
pulp,  influence  of  the  stage  of  de¬ 
velopment,  208 

Oxytalan  fillers  in  periodontium  of  man,  510 

PAFFENBARGER,  G.  C.,  752  (2  Abs.),  762 
(Abs.) 

Pagerey,  P.,  754  (Abs.),  1156 
Palate,  configuration  of,  708  (Abs.) 
Para-aminotoluene  sulfonamide,  contami¬ 
nated  endoflontic  cultures,  736 
(Abs.) 

effect  of  pH  on  antimicrobial  activity, 
42 

residual,  culture  broth  contamination  bv, 
1004 

Parfitt,  G.  j.,  661  (Abs.) 

Parker,  W.  L.,  662  (Abs.) 

Parkins,  F.  M.,  417  (Annot.) 

Parks,  H.  F.,  693  (Abs.) 

Parotid  saliva  (see  Saliva,  parotid) 

secretions,  human,  free  17-hydroxycortico- 
steroids  in,  733  (Abs.) 
protein  components  demonstrated  by 
starch-gel  zone  electrophoresis, 
1222  (Abs.) 

inorganic  constituents,  746  (Abs.) 
in  man,  time  course,  172 
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Parotin  and  growth  centers  of  femurs  and 
incisors  in  mice,  374 

Pathogenicity  of  Corynebacterium  isolated 
from  pulp  canals,  736  (Abs.) 

Pathological  and  normal  human  oral  epithe¬ 
lium,  1216  (Abs.) 

Pattern  wax,  behavior  of,  756  (Abs.) 

PArTARi),  F.  G.  E.,  1214  (Abs.) 

Paynter,  K.  J.,  105,  232,  683  (Abs.) 

PEIM.ER,  J.  A.,  1230  (Abs.) 

Peffi.ey,  G.,  670  (Abs.) 

Peptides  and  amino  acid  derivatives,  effect 
on  acid  formation  in  sugar-.saliva 
mixtures,  519 

Periapical  tis.sue  of  infected  pulpless  teeth, 
101 

Periodontal  aspects  of  mongolism,  660  (Abs.) 
changes  induced  with  hydrogen  peroxide, 
726  (Abs.) 

disea.se  in  germfree  mice,  1238  (Annot.) 

in  hill  sheep,  1233  (AIm.  ) 
membrane,  develop«*d,  695  (Abs.) 

emulsifi^,  1218  (Abs.) 
structures,  human,  histologic  study  using 
fluorescence  and  visible  light 
microscopy,  15,  711  (Abs.) 
tissues,  enzymes  on,  726  (Abs.) 

formation  around  sul)cutaneously  trans¬ 
planted  hamster  molars,  682 
(Abs.) 

of  guinea  pigs,  effect  of  ascorbic  acid 
deficiency,  232 

and  pulp  of  rat  first  molars,  effects  of 
an  ultrasonic  field  on,  723  (Abs.) 

Periodontally  diseased  teeth,  root-surface 
resorption  of,  712  (Abs.) 
involved  migrated  teeth,  a  measuring  in¬ 
dex  for  repositioning,  825 

Periodontium,  effects  of  ovariectomy  on,  724 
(Abs.) 

hanLster,  effect  of  stress  on,  724  (Abs.) 
human,  development  of  oxytalan  fibers,  510 
mou.se,  albino,  age  changes  in,  712  (Abs.), 
1195 

rat,  albino,  effect  of  cold  as  a  stressor 
agent,  723  (Abs.) 

immature,  effect  of  fat-fr(*e  diet  on, 
686  (Aba.) 

rice,  bacterial  flora,  723  (Aba.) 

survey  of  the  bacterial  flora,  722 
(Aba.) 

Permanent  dentitions,  caries  incidence  in, 
416  (Annot.) 

Permeability  of  intact  tooth,  effect  of  age 
and  exposure  to  saliva  on,  676 
( Al)a. ) 

of  microbial  plaques,  705  (Abs.) 

Peroxide  and  polymer,  effect  on  rate  and 
degree  of  polymerization  of  poly- 
methylme*thacrylate  slurries,  606 

Person,  P.,  733  (Abs.) 

Petros,  G.  J.,  348 

Peyton,  F.  A.,  624,  753  (Abs.),  761  (Abs.) 

Pharmacological  studies  on  local  anesthetics, 
747  (Aba.) 

Phase  composition  of  crown  and  inlay  porce¬ 
lain,  483 

Phatak,  N.,  422  (Annot.) 


Phillips,  R.  W.,  88,  751  (Abs.),  754  (Abs.) 

•  755  (Abs.),  1028 

Phosphatase  activity  in  whole  and  parotid 
saliva,  relationship  to  caries,  500 
Phosphate,  cariostatic  effect  of,  776 
food  ash  and  trace  minerals,  effect  upon 
hamster  caries,  1142 

Phosphorus  and  calcium,  effect  on  fluoride 
absorption,  727  (Abs.) 

Physical  properties  of  chromium  cobalt 
alloys,  effect  of  micro.structure, 
758  (Abs.) 

Pig,  tooth  migration,  1230  (Abs.) 

Pigeon  bone  during  egg-laying,  changes  in 
soluble  citrate,  689  (Abs.) 

PiGMAN,  W.,  293 
PiLIARD,  R.,  .356 

Plaque,  caries-immune  and  caries-susceptible, 
696  (Abs.) 

individuals,  effect  of  saliva  rc.striction 
on,  706  (Abs.) 

effects  of  saliva  on  pH  and  lactate  concen¬ 
tration  in,  848 

hydrolytic  enzyme  activity  of,  706  (Abs.) 
microbial,  permeability  of,  705  (Abs.) 
pH,  effect  of  carbohydrate  substrates  on, 
704  (Abs.) 

reduced  oral  temperatures  and  acid  pro¬ 
duction  rates  in,  705  (Alw.),  905 
and  saliva,  microbial  flora,  745  (Abs.) 
and  salivary  lactobacilli  in  the  prognosis 
of  human  dental  caries,  951 
Pla.sma,  albumin,  immunohistochemical  local¬ 
ization  of,  in  murine  dentinal 
tissue,  1239  (Annot.) 
fluoride  content,  human,  673  (Abs.) 
proteins,  immunohistochemical  localization 
in  human  gingivae,  844  (Annot.) 
volume  of  extracted  and  in  situ  teeth,  738 
(Aba.) 

Plaster  of  Paris,  setting  of,  491 
Pleuropneumonia-like  organisms,  distribution 
of,  632  (Annot.) 

growth  and  incidence,  656  (Abs.) 

from  the  oral  cavity,  656  (2  Abs.) 
POLACHECK,  D.  L.,  135 

Polarized  light,  appearances  of  human  dental 
enamel,  60 

studies  of  initial  carious  lesions,  1187 
Polarizing  and  microradiographic  microscopic 
study  of  sound  enamel,  1181 
PoLTER,  L.  A.,  743  (Abs.) 

Polymer  and  peroxide,  effect  on  rate  and 
degree  of  polymerization  of  poly¬ 
methylmethacrylate  slurries,  606 
Porcelain,  fused  to  gold,  759  (Abs.) 

phase  composition  of  crown  and  inlay,  483 
veneers,  effect  of  opaque  liners  on  shade 
of,  759  (Abs.) 

Porter,  D.  R.,  708  (Abs.) 

Posner,  A.  S.,  491,  691  (Abs.) 

POSTLE,  H.  H.,  740  (Abs.) 

Potassium,  fluorostannite,  effect  of  on  dental 
caries  in  children,  881 
sodium,  chloride  and  whole  saliva  volume 
under  identical  and  diverse  forms 
of  stimulation,  843  (Annot.) 
and  sodium  concentrations  of  human 
parotid  saliva,  1222  (Abs.) 
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Powers,  C.  M.,  606 

Prednisilone  acetate  and  Tween  80,  effect  of 
on  chemical  carcinogenisis  in  the 
hamster  cheek  pouch,  713  (Aba.) 

Pregnancy,  urinary  fluorine  levels  in  women 
during,  548 

Pregnant  women,  calcium  and  pH  of  saliva 
in,  883 

Prenatal  influences  on  fetal  development,  665 
( Abs.) 

Presidential  inaugural  address.  Hamilton  B. 
G.  Robinson,  640 

Pressure  dressing  for  healing  pulpitis,  735 
(Abs.) 

Prigmore,  J.  R.,  843  (Annot.),  733  (Abs.), 
1237  (Annot.) 

Primary  dentition,  calcification  of,  650  (Aba.) 
molars,  infected,  bacteriological  study,  655 
(Ab.s.) 

Procaine,  effect  on  respiration  in  bovine 
dental  pulp,  737  (Abs.) 
relative  anesthetic  potency,  477 

Prophylaxis,  effect  on  dental  caries,  707 
(Abs.) 

Protease  and  arginase  activity  of  submaxil¬ 
lary  gland  of  rat,  121 

Protein,  components  of  pure  human  parotid 
gland  secretion,  1222  (Aba.) 
relationship  to  dental  caries,  1060 
of  human  dentin,  amino  acid  composition, 
323 

radioactive,  removal  from  mouth,  392 

Proteolysis-chelation  theory  of  caries,  1225 
( Abs. ) 

Provenza,  D.  V.,  552 

Provost,  J.,  716  (Abs.) 

Pulp  canals,  pathogenicity  of  Corynebacte- 
rium  isolated  from,  736  (Abs.) 
capping  materials,  rat  connective  tissue 
reactions  to,  738  (Abs.) 
effects  of  procaine  concentration  on  respi¬ 
ration  in,  737  (Abs.) 
of  sonic  vibration  on,  737  (Abs.) 
fine  structures  of  the,  940 
histology  of  normal  and  pathologic  tooth, 
correlation  witli  symptomatology 
and  nervous  accommodation,  866 
lability  and  repair,  thermogenesis  in  ultra- 
high  speed  technics,  739  (Abs.) 
morphology  of  blood  vessels  in  canine  and 
human,  552 

nerves  of  human  tooth,  1133 
and  periodontal  tissues  of  rat  first  molars, 
effects  of  an  ultrasonic  field  on, 
723  (Abs.) 

response  to  heat,  740  (Abs.) 
to  u.se  of  ultra  high-speed  rotary  in¬ 
struments,  1231  (Abs.) 

Pulpitis,  healing  under  a  pressure  dressing, 
735  (Abs.) 

Pulpless  teeth,  infected,  periapical  tissue,  101 

Pyruvate-2-Ci«,  conversion  to  citrate  in  bone 
slices,  690  (Abs.) 

Quigley,  M.  B.,  180,  558,  693  (Abs.),  704 
(Abs.) 

Quintarelli,  Q.,  724  (Abs.),  734  (Abs.),  961 


Rabbits,  effect  of  strontium  90  on  teeth 
and  mandibles,  1232  (Abs.) 
excision  of  the  articular  surface  of  the 
mandibular  condyle,  1220  (Abs.) 
pathogenicity  of  Candida  strains  for,  1231 
(Abs.) 

Radden,  B.  G.,  1215  (Abs.) 

Radiation  beta,  half  thickne.ss  of  dentin  to 
P«,  84 

output  of  dental  x-ray  units,  36 
scatter,  emanating  from  patient  during 
dental  roentgenographic  proce¬ 
dures,  9 

x-radiation  and  the  transplantable  mouse 
.salivary  gland  tumor,  714  (Abs.) 
Radioactive  a.scorbic  acid  in  the  guinea  pig, 
396,  729  (Abs.) 

calcium,  uptake  by  the  skull  and  teeth  of 
growing  rats,  1214  (Abs.) 
colloidal  gold  u.sed  for  demonstration  of 
lymphatic  drainage  of  teeth  in 
dogs,  198  (Annot.) 

fat  and  protein,  removal  from  the  mouth, 
392 

isotopes,  bone-seeking,  structural  changes 
in  teeth  and  their  supporting 
structures  containing,  692  (Abs.) 
strontium  90,  effect  on  teeth  and  man¬ 
dibles  of  rabbits,  1232  (Abs.) 
in  dental  tis.sues,  1232  (Abs.) 
Radioactivity  of  silicate  cements,  1221  (Abs.) 
Radiographic  assessment  of  proximal  caries, 
1225  (Abs.) 

technic  for  diagno.sing  TMJ  disorders,  663 
( Abs. ) 

Radiography,  effects  of  intra  uterine  x-radi¬ 
ation  on  bones  and  teeth  of  mice, 
666  (Abs.) 

x-ray  irradiation,  local,  effect  on  teeth  of 
adult  axolotl,  301 
units,  radiation  output  of,  36 
Ramsey,  H.  H.,  719  (Abs.) 

Rats,  albino,  age  variations  in  number  of 
mast  cells  in  oral  mucosa  and 
skin  of,  631  (Annot.) 
effect  of  cold  as  a  stressor  agent  on  the 
periodontium,  723  (Abs.) 
survey  of  lactobacilli  from  the  oral 
cavity  of,  611 

carbohydrate  levels  in  dental  tissues  using 
c.ontra.sted  diets,  1223  (Abs.) 
caries,  effect  of  metals  on,  and  enamel 
metal  levels,  669  (Abs.) 
influence  of  calcium  carbonate  on,  1173 
initiation  and  promotion  factors,  683 
(Abs.)  ' 

in  males  and  females  receiving  the  .same 
amount  of  cariogenic  diet.  1075 
potentiating  effect  of  Na  EDTA,  Ca 
EDTA,  and  Mg  EDTA  in,  1240 
(Annot.) 

smooth-surface,  lack  of  in  rats  receiving 
modified  Stephan  diet,  1178 
caries-resistant  and  caries-susceptible,  dif¬ 
ferences  in  morphology  and  size 
of  teeth,  105 

comparative  metabolism  of  calcium  and 
strontium  in,  691  (Abs.) 
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Rats — Cent ’d 

comparison  of  caries  susceptibility  in 
hamsters,  cotton  rats  and,  684 
( Abs. ) 

of  effect  of  selective  salivariadenectomy 
•  and  selective  salivary  gland  liga¬ 
tion  on  dental  caries  in,  1119 

connective  tissue  reactions  to  implants  of 
pulp  capping  materials,  738 
(Abs.) 

cortisone-treated,  caries  incidence,  687 
( Abs. ) 

cotton,  comparison  of  caries  susceptibility 
in  ham.sters,  rats  and,  684  (Abs.) 

desalivated,  addition  of  saliva  from  caries- 
immune  and  -susceptible  humans 
to,  685  (Abs.) 

distribution  of  keratin  in  the  gingival 
sulcus,  1224  (Abs.) 

of  mast  cells  in  oral  tissues,  1215  (Abs.) 

effect  of  antihistaminics  on  dental  caries 
in,  795 

of  l)eta-aminopropionitrile  on  molar 
teeth,  27 

of  EDTA  on  caries  development  and  its 
association  with  biologic  changes 
in,  1207 

of  oat  hulls  on  caries  in,  823 
of  osteogen  in  extraction  sockets,  697 

(Abs.)  e 

of  oral  somatotropic  hormone  injections 
on  gingival  wounds  in,  725  (Abs.) 
of  sodium  fluoride  on  the  developing 
teeth  of,  653  (Abs.) 
of  sweet  peas  on  the  growth  of  the 
mandibular  ramus  and  articula¬ 
tion,  805 

of  yeast  on  dental  caries  in,  1052 
( Annot.) 

first  molars,  effect  of  an  ultrasonic  field 
on  pulp  and  periodontal  tissues 
of,  723  (Al)s.) 

Hunt-Hoppert  caries- resistant,  and  caries- 
susceptible,  effect  of  castration 
on  submaxillary  gland  of,  67 
effect  of  salivariadenectomy  on  caries 
and  groups  of  microbial  flora  in, 
587 

ia,  histochemical  observations  on  osteoclasts, 
688  (Abs.) 

immature,  effect  of  fat-free  diet  on  the 
bones,  periodontium  and  the  in¬ 
cidence  and  severity  of  caries, 
686  (Abs.) 

incisors,  enamel  organ,  693  (Abs.) 

induction  of  sarcoma  by  implantation  of 
dental  materials,  715  (Abs.) 

lathyritic,  histologic  study  of  the  reaction 
to  injury,  740  (Abs.) 

mast  cell  granules,  morphological  alter¬ 
ations,  700  (Abs.) 

molars,  caries-susceptible,  carbohydrate 
content,  676  (Abs.) 

normal  and  strontium-treated,  comparison 
of  bone  growth,  49 

nutrition,  tooth  morphology,  and  dental 
caries,  683  (Abs.) 


Rats — Cont ’d 

preweanling,  caries  susceptibility  induced 
by  simulated  rat  milk  formula, 
685  (Abs.) 

protease  and  arginase  activity  of  sub¬ 
maxillary  gland  in,  121 
rice,  bacterial  flora  of  the  periodontium 
in,  723  (Abs.) 

survey  of  the  bacterial  flora  of  the 
periodontium  in,  722  (Abs.) 
salivariadenectomized  and  duct-ligated, 
food  consumption  and  dental 
caries  in,  1235  (Annot.) 

Hunt-Hoppert  caries-resistant,  and  Os¬ 
borne- Mendel-susceptible,  1166 
salivary  secretions,  electrolyte  content,  745 
(Abs.) 

sialoadenectomized  and  intact,  body  weight 
and  metalmlic  rate,  732  (Abs.) 
sutural  expansion  by  controlled  mechanical 
stress,  534 

tissues  and  human  gingiva,  lysozyme  con¬ 
tent,  726  (Abs.) 

vascular  supply  to  the  developing  molar 
teeth  of,  653  (Abs.) 

weanling,  effect  of  hypervitaminosis  A  on 
the  incisor  and  molar  teeth,  the 
alveolar  bone  and  temporoman¬ 
dibular  joint  of,  1008 

Rate  of  freezing  on  the  preservation  of 
viable  tooth  germs,  418  (Annot.) 

Redden,  D.  R.,  730  (Abs.) 

Reimplantation  of  hamster  second  molars, 
use  of  a  semiliquid  postoperative 
diet,  667  (Abs.) 

Reith,  E.  J.,  693  (Abs.) 

Reproduction  of  an  oral  gram-positive  fila¬ 
mentous  organism,  657  (Abs.) 

Resins,  autopolymerizing,  evaluated  for 
denture  reliners,  753  (Abs.) 
denture  base,  dimensional  accuracy,  752 
(Abs.) 

Resnick,  J.  B.,  129 

Resorption,  root-surface,  of  periodontally 
disea.sed  teeth,  712  (Abs.) 

Respiration  in  Imvine  dental  pulp,  effects  of 
procaine  concentration  on,  737 
(Abs.) 

of  sonic  vibration,  737  (Abs.) 
of  the  salivary  microbial  flora  and  its  re¬ 
lation  to  dental  caries,  328 

Restorations,  in  vivo,  adaptation  assessed  by 
Ca«,  754  (Abs.) 

marginal  seal  using  Ci«-labeled  fructose, 
755  (Abs.) 

Restorative  materials,  compressive  properties 
of  tooth  tissues  and,  762  (Abs.) 

Reversibility  of  incipient  enamel  deminerali¬ 
zation,  678  (Ab.s.) 

Ribs  from  a  fluoride  and  a  non-fluoride  area, 
1217  (Abs.) 

Richardson,  R.  L.,  658  (Abs.),  1016 

Rizzo,  A.  A.,  830 

Rodent  incisor  pulp,  peripheral  capillaries 
in,  969 

Rodents,  a  mouth  prop  for  oral  examinations 
and  operative  procedures  in,  830 


1260 


INDEX 


Koentgenographic  prwedures,  scatter  radi¬ 
ation  emanating  from  the  patient, 
9 

Kolle,  G.,  665  (Abs.) 

Root  canal  culture,  evaluation  of  media,  735 
(Abs.) 

sheath,  epithelial,  origin  of,  701  (Abs.) 

Root-surface  resorption  of  periodontally  dis¬ 
eased  teeth,  712  (Abs.) 

Rosan,  B.,  700  (Abs.) 

Rose,  M.,  719  (Abs.) 

Rosex,  S.,  67,  177,  587,  662  (Abs.),  731 
(Abs.),  1166 

Rosenthal,  S.  L.,  883 

Rotary  burs,  effect  on  bone,  742  (Abs.) 

Roth,  G.  D.,  726  (Abs.) 

Rothwei.l,  P.  S.,  1216  (Abs.) 

Rovelstai),  G.  H.,  854,  1060 

Rowe,  N.  H.,  72 

Rowen,  R.,  883 

Rlfenacht,  W.  G.,  719  (Abs.) 

RrsHTON,  M.  A.,  1232  (Abs.) 

Ri-tter,  R.  R.,  719  (Abs.) 


^ABES,  W.  R.,  713  (Abs.) 

Sabolboro,  C.  U.,  668  (Abs.) 

8aito,  S.,  500 

Sakada,  S.,  200  (Abs.),  201  (Abs.) 

Saliva,  acidity  in  nutrition  of  oral  acidogens, 
96 

alkalinity  titrations,  source  of  error,  506 
caries-immune  and  -susceptible  humans, 
added  to  desalivated  albino  rats, 
685  (Abs.) 

caries-rampant  and  -immune,  manometric 
.studies  of  metabolic  factors,  718 
( Abs. ) 

and  dental  plaque,  microbial  flora,  745 
( Abs. ) 

effects  on  lactate  concentration  and  pH 
in  dental  plaques,  848 
on  permeability  of  the  intact  tooth,  676 
(Abs.) 

electrophoresis  of,  854 

relationship  of  protein  components  to 
dental  caries,  1060 

eriochrome  blue  S.E.  used  in  determination 
of  calcium  in,  746  (Abs.) 
forensic  use  of,  664  (Abs.) 
formation  of  certain  vitamins  in,  734 
(Abs.) 

human,  antibacterial  action  of,  659  (Abs.), 
798 

failure  of  calculus  formation  in  rats  on 
a  diet  containing,  680  (Abs.) 
parotid,  sodium  and  potassium  concen¬ 
trations,  1222  (Abs.) 
infants,  leukocytes  in,  1223  (Abs.) 
parotid,  agglutinin  titer,  718  (Abs.) 

and  submaxillary,  enzyme  concentra¬ 
tions,  733  (Abs.) 

phosphatase  activity  in  whole  and  parotid, 
relation  to  dental  caries,  500 
pregnant  and  nonpregnant  women,  com¬ 
parative  analysis  of  calciumi  and 
pH,  883  ■  i 
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properties,  effect  of  selective  salivariaden- 
ectomy  on,  731  (Abs.) 
restriction,  effect  on  dental  plaques  in 
caries-immune  individuals,  706 
( Abs. ) 

serum  and  urine  17-hydroxycorticosteroids 
following  intravenous  infusion  of 
adrenocorticotropin,  1237  (Annot.) 
submaxillary,  as  a  culture  medium,  701 
(Abs.) 

and  parotid,  enzjmie  concentrations,  733 
(Ab.s.) 

and  sublingual,  collection  and  steriliza¬ 
tion  of,  417  (Annot.) 
zone  electrophoresis  of,  654  (Abs.) 

Salivariadenectomized,  caries-resistant  rats, 
effect  on  caries  and  groups  of 
microbial  flora  under  controlled 
feeding,  587 

and  duct-ligated  rats,  food  con.sumption 
and  dental  caries  in,  1235 
(Annot.) 

Salivariadenectomy,  rats,  rate  of  food  con¬ 
sumption,  177 

and  salivary  gland  ligation,  comparison  of 
their  effects  on  dental  caries  in 
the  rat,  1129 

selective,  effect  on  caries  and  oral  micro¬ 
flora,  1166 

on  caries  and  several  salivary  prop¬ 
erties,  731  (Abs.) 

Salivary  components,  heritability  of  dental 
caries  and,  662  (Abs.) 
gland,  and  carcinogen  20-methycholan- 
threne  transplants,  833 
effect  of  thiocyanate  on,  731  (Abs.) 
function  in  the  rat,  121 
human,  histochemical  localization  of 
hydrolytic  enzymes  in,  961 
mammalian,  hydrolytic  enzymes,  734 
(Abs.) 

mou.se,  intracellular  canaliculi,  745 
(  Abs. ) 

multinucleated,  giant  cells  in  cultures 
of,  744  (Abs.) 

oxidative  metabolism  of,  733  (Abs.) 
phosphorus,  effect  of  thyroid  hormone 
and  testosterone  on,  732  (Abs.) 
rat,  experimental  enlargement,  744 
(Abs.) 

submandibular,  early  development,  1219 
(Abs.) 

tumor,  BW1081,  in  the  mouse,  577 
transplantable,  and  x-radiation  in  the 
mouse,  714  (Abs.) 

globulin  of  caries-immune  humans,  262 
lactobacilli  counts,  alterations  following 
essential  dental  procedures  in 
children,  721  (Abs.) 

microbial  flora,  respiration  and  its  relation 
to  dental  caries,  328 
oxidation-reduction  potentials,  281 
and  plaque  lactobacilli  in  the  prognosis  of 
human  dental  caries,  951 
secretions  of  the  rat,  electrolyte  content, 
745  (Abs.) 
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sediment,  amino  acid  decarboxylase  of,  998 
glycolyzing,  factors  influencing  pH  dif¬ 
ferentials,  720  (Abs.) 

Saliva-sugar  mixtures,  effect  of  peptides  and 
amino  acid  derivatives  on  acid 
formation  in,  519 

Saliva-yeast-lactobacillus  interrelationships, 
719  (Abs.),  1044 
Sallev,  J.  J.,  715  (Abs.),  1038 
Samachson,  j.,  253 

Sample  sizes,  importance  in  ex{)eriments,  747 
(Ab.s.) 

Sanders,  M.,  748  (Abs.) 

Sarcoma,  induction  by  implantation  of  dental 
materials  in  rats,  715  (Aljs.) 
osteogenic,  of  the  jaws  of  mice,  715  (Abs.) 
SASI.AW,  M.  S.,  748  (Abs.) 

Savara,  B.  8.,  422  (Annot.),  662  (Al>s.) 
Savchuck,  W.  B.,  49 
Savory,  A.,  436 

Sawyer,  S.,  722  (Abs.),  723  (Abs.) 

ScAPA,  S.,  733  (Abs.) 

ScHERP,  H.  W.,  711  (Abs.) 

SCHMAUNO,  B.,  422  (Annot.) 

Schmidt,  J.,  658  (Abs.),  1016 
Schneider,  R.  M.,  733  (Abs.) 

SCHNEYER,  C.  A.,  745  (Abs.) 

ScHNEYER,  L.  H.,  172,  745  (Abs.) 

Schools,  primary,  exploratory  research  in 
toothbru-shing,  instruction  for,  707 
( Ab.s. ) 

ScHWABE,  C.,  737  (Abs.) 

Scofield,  H.  H.,  652  (Abs.) 

Scorbutic  guinea  pigs  injected  with  ascorbic 
acid  l-Ci-»,  oral  changes  in,  396 
Scrivener,  C.  A.,  719  (Abs.) 

Segreto,  V.,  672  (Abs.) 

Setting  time  of  amalgam  influenced  by  heat 
treatment,  750  (Abs.) 

Shafer,  W.  G',  121,  534,  731  (Abs.),  795, 
1129 

Shankwalker,  G.  B.,  715  (Abs.) 

Shannon,  I.  L.,  733  (Abs.),  843,  1237 
(Annot.) 

Shapiro,  M.,  726  (Abs.) 

Sharry,  j.  j.,  664  (Abs.) 

Shaw,  J.  H.,  105,  129 
Shazer,  S.,  715  (Abs.) 

Sheep,  periodontal  disease  in,  1233  (Abs.) 
Shell,  J.  S.,  758  (Abs.) 

Shelmerdine,  a.  B.,  1228  (Abs.) 

Shiota,  T.,  734  (Abs.) 

Ship,  I.  I.,  702  (Abs.) 

Shkijvir,  I.  L.,  656  (2  Ab.s.),  848 
Shklar,  G.,  723  (Abs.) 

Shovelton,  D.  S.,  1231  (Abs.) 
Sialoadenectomized  and  intact  rats,  body 
weight  and  metabolic  rate,  732 
(Abs.) 

Silicate  cements,  color  .standard  for,  759 
( Abs. ) 

Silicone  impression  materials,  dimensional 
stability  analysts,  751  (Abs.) 
rubber  vulcanized  in  a  plaster  mold,  753 
(Abs.) 

Silver  amalgam  alloy  added  to  zinc  phosphate 
cement,  756  (Abs.) 


Silverman,  S.,  Jr.,  717  (Abs.) 

Singer,  L.,  673  (Abs.),  714  (Abs.) 

SiRSiNHA,  S.,  664  (Abs.) 

Skach,  M.,  443 

Skeletal  formation  in  chick  embryo  follow¬ 
ing  administration  of  tetracycline, 
inhibition  of,  665  (Abs.) 

Skinner,  E.  W.,  750  (Abs.),  759  (Abs.), 
760  (Abs.) 

Skull  of  Macaca  rheusus  monkey,  growth,  741 
(Aba.) 

and  tt*eth  of  growing  rats,  uptake  of 
radioactive  calcium  by,  1214 
(Abs.) 

Smith,  I).  C.,  1227  (Abs.) 

Smith,  D.  J.,  740  (Abs.) 

Smith,  D.  M.,  759  (Abs.) 

Smith,  F.  A.,  285,  672  (Abs.) 

Smith,  L.  S.,  736  (Abs.) 

Snyder,  M.  L.,  721  (Aba.) 

SoBEL,  A.  E.,  253 

SocRANSKY,  S.,  722  (Abs.),  723  (Aba.) 

Sodium  fluoride,  effect  on  calcium  salts  and 
dental  enamel,  691  (Abs.) 
on  the  developing  teeth  in  rats,  653 
(Abs.) 

of  the  topical  application  of  stannous 
fluoride  on  enamel  solubility 
when  pretreated  with,  1053 
(Annot.) 

pretreatment  prior  to  stannous  fluoride 
application,  901 

hypophosphate,  caries-inhibiting  effects  of, 
633  (Annot.) 

N-lauroyl  sarcosinate,  efficacy  in  reducing 
dental  caries,  671  (Abs.) 
potassium,  chloride  and  whole-saliva  volume 
under  identical  and  diverse  forms 
of  stimulation,  843  (Annot.) 
and  potassium  concentrations  of  human 
parotid  .saliva,  1222  (Abs.) 

SOGNNAES,  R.  F.,  678  (Abs.),  694  (Abs.) 

Solder  joints,  autoradiographs  with  fluorine's, 
428,  757  (Abs.) 

Solubility  of  certain  dental  materials,  1028 

Solution  rate  of  tooth  enamel  in  an  acetate 
buffer,  910 

SONI,  X.  N.,  1181,  1187 

Sonic  vibration,  effect  on  respiration  in 
bovine  dental  pulp,  737  (Abs.) 

Sound  enamel,  a  microradiographic  and 
polarizing  microscopic  .study  of, 
1187 

Spi.nelijv,  D.  j.,  208 

Spirochetes,  oral,  in  vitro  effects  of  anti¬ 
biotics  on,  947 

mucopolysacchara.se  activity  of,  979 

Sprinz,  R.,  1220  (Abs.) 

Sreebny,  L.  M.,  67,  177,  587,  746  (Abs.), 
1166 

Stack,  M.  V.,  1223  (Ab.s.) 

Stahl,  S.  S.,  724  (Abs.),  725  (Abs.) 

Standish,  S.  M.,  717  (Abs.) 

Stanford,  J.  W.,  762  (Abs.) 

Stanmeyer,  W.  R.,  652  (Abs.),  705  (Ab.s.), 
905 
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Stannous  fluoride,  application  in  children, 
pretreatment  of  teeth  with  sodium 
fluoride  prior  to,  901 
dentifrice,  effect  of  following  topical 
stannous  fluoride  application  on 
dental  caries  and  enamel  solubil¬ 
ity  in  the  rat,  1236  (Annot.) 
of  the  topical  application  on  enamel 
solubility  when  pretreated  with 
sodium  fluoride,  1053  (Annot.) 
solution  and  u.se  of  .stannous  fluoride- 
containing  dentifrice,  combined 
anticariogenie  effects,  994 

Stasik,  J.  F.,  683  (Abs.) 

Steadman,  L.  T.,  285 

Steen,  P.  M.,  760  (Abs.) 

Steinman,  R.  R.,  592,  676  (Abs.),  687  (Abs.), 
694  (Abs.),  1239  (Annot.) 

Stephan  diet,  modified,  lack  of  smooth- 
surface  caries  in  rats  receiving, 
1178 

Stickley,  J.  J.,  729  (Abs.) 

Stolman,  j.  M.,  680  (Abs.) 

Stowell,  E.  C.,  Jr.,  749  (2  Abs.) 

Streptococcal  antagonism  of  an  oral  fila¬ 
mentous  organism,  658  (Abs.) 

Streptococci  in  dental  caries,  164 

Stress,  in  amalgam  restorations,  749  (Abs.) 

dental,  physiological  response  to,  702 
(Abs.) 

effect  on  periodontium  in  the  hamster,  724 
(Abs.) 

sutural  expansion  by  controlled  mechanical, 
534 

Striffler,  D.  F.,  707  (Abs.) 

Strontium,  and  calcium  in  the  rat,  compara¬ 
tive  metabolism,  691  (Abs.) 

90,  in  dental  ti.ssues,  1232  (Abs.) 

effect  on  teeth  and  mandibles  of  rabbits, 
1232  (Abs.) 

Strontium-treated  rats,  bone  growth  com¬ 
pared  with  normal,  49 

Stuedell,  j.  T.,  156,  659  (Abs.) 

Submandibular  gland,  early  development  of, 
1219  (Abs.) 

rat,  experimental  enlargement,  744 
(Abs.) 

Submaxillary  gland,  caries-resistant  and  -sus¬ 
ceptible  rat,  effect  of  castration 
on,  67 

hamster,  experimental  carcinogenesis  in, 
713  (Abs.) 

protease  and  arginase  activity  in  the 
rat,  121 

Submaxillary-sublingual  saliva,  collection  and 
sterilization  of,  417  (Annot.) 

Sucrose  retardation  of  ac  d  etching  in  • 
enamel,  695  (Abs.) 

Si-GA,  S.,  202  (Abs.) 

Sulfonamide,  residual  para-aminotoluene  cul¬ 
ture  broth  contamination  by,  1004 

SULITZEANU,  D.,  164 

Summers,  W.  A.,  88 

Supporting  associates  for  1959,  206,  424, 
425,  637,  845,  1057 

Surface  reproduction  of  elastic  impressions, 
932 
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temperatures  of  enamel  during  meals,  1216 
(Abs.) 

Sutural  expansion  by  controlled  mechanical 
stress  in  the  rat,  534 

Suzi  Kl,  K.,  201  (Abs.) 

SVOBO  >A,  O.,  443 

Swabijing  material,  use  of  calcium  alginate 
wool  as,  1234  (Abs.) 

Swallow,  myographic  aspect. s,  1219  (Abs.) 

Swartz,  M.  L.,  88,  754  (Abs.),  755  (Abs.), 
1028 

Sweeney,  E.  A.,  129 

Sweeney,  W.  T.,  752  (Abs.) 

Sweet  peas,  effect  on  growth  of  mandibular 
ramus  and  articulation  in  the 
young  rat,  805 

Sylvester,  C.  J.,  731  (Abs.) 

Symons,  N.  B.  B.,  1220  (Abs.) 

Symptomatology,  nervous  accommodation  and 
histology  of  normal  and  path¬ 
ologic  tooth  pulp,  correlation  lie- 
tween,  866 

Takagi,  N.,  205  (Abs.) 

Talbot,  W.  F.,  757  (Abs.) 

Tamoto,  H.,  201  (Abs.) 

Taylor,  J.  B.,  749  (2  Aks.) 

Teeth,  carious,  distribution  of  acid  in,  1227 
( Abs. ) 

coatings  for  application  to,  197  (Annot.) 
extracted  and  in  situ,  comparison  of  plasma 
volume,  738  (Abs.) 
human,  age  changes  in,  681  (Abs.) 
fluoride  content,  129 

noncellular  cementum  of,  with  incom¬ 
plete  apices,  668  (Abs.) 
removal  of  microscopic  particles  from, 
704  (Abs.) 

incisor,  measurement  of  intrusion,  661 
(Abs.) 

migration  in  the  pig,  1230  (Abs.) 
monkey,  effect  of  ultrasonic  applications, 
739  (Abs.) 

and  periodontal  tissues  of  guinea  pig, 
effect  of  ascorbic  acid  deficiency, 
232 

posterior,  carlmhydrate  retention  in  in- 
terproximal  spaces,  682  (Abs.) 
pretreatment  with  sodium  fluoride  prior 
to  stannous  fluoride  application  in 
children,  681  (Abs.),  901 
rat,  incisor  and  molar„  eff(*ct  of  hyper- 
vitaminosis  A  on,  1008 
rootless,  eruption  of,  679  (Abs.) 
and  supporting  structures  containing  bone¬ 
seeking  radioisotopes,  structural 
changes  in,  692  (Abs.) 
tLs.sues  and  restorative  materials,  compres- 
si-e  properties,  762  (Abs.) 
undecalcifix  1,  an  apparatus  for  cutting 
thin  serial  section.s,  702  (Abs.) 
unerupted,  diffusion  of  niacin  through 
dentin  and  effect  on  bacterial 
penetration,  679  (Abs.) 
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Temperature  clianges,  effects  on  mandil)ular  j 
hemodynamics,  731  (Ai)8.) 
reduced  oral,  and  acid  production  rates  in 
dental  plaques,  905 

rise  resulting  from  cavity  preparation, 
effect  of  coolants  on,  761  (Abs.) 

Temporo-disorders,  radiographic  technic  for 
diagnosis,  663  (Abs.) 

Temporomandibular  joint  of  weanling  rats, 
effect  of  hypervitaminosis  A  on, 
1008 

Ten  Cate,  A.  R.,  1215  (Abs.) 

TERKI.A,  L.  G.,  749  (Abs.) 

Testosterone  and  thyroid  hormone,  effect  on 
salivary  gland  phosphorus  an<l 
nucleic  acid  content,  732  (Abs.) 

Tetracycline,  inhibition  of  skeletal  formation 
in  chick  embryos  following  ad¬ 
ministration  of,  665  (Abs.) 

Tetrazolium  salts  coupled  to  oral  dehydro¬ 
genases,  746  (Abs.) 

Thermal  expansion  of  cobalt-chromium 
alloys,  1228  (Abs.) 

Thermogenesis  in  ultra-high  speed  technics, 
pulp  lability  and  repair,  739 
(Abs.) 

Thiocyanate,  effect  on  thyroid,  salivary 
elands  and  caries  incidence,  731 
(Abs.) 

Thomas,  P.  B.,  392 

Thomassen,  P.  R.,  670  (Abs.),  719  (Abs.), 
736  (Abs.) 

Thompson,  J.  C.,  888 

Thompson,  T,,  751  (Abs.) 

Thonard,  j.  C.,  711  (Abs.)  i 

Thyroid,  effect  of  thiocyanate  on,  731  (Abs.) 
and  testosterone,  effect  on  salivary  gland 
phosphorus  and  nucleic  acid  con¬ 
tent,  732  (Abs.) 

Timber  LAKE,  P.,  293 

Time  course  of  parotid  secretion  in  man,  172 

Tissue  culture,  in  vivo,  utilizing  the  diffusion 
chamber  technic,  717  (Abs.) 
sections,  undecalcified,  air  pressure  device 
for  thickness  measurement  of, 
1148 

undecalcified,  apparatus  for  the  prepara¬ 
tion  of  thin  serial  sections  of, 
1156 

Tobacco  smoke  and  ultraviolet  irradiation, 
effect  on  lips  and  ears  of  mice, 
715  (Abs.) 

Tonge,  C,  H.,  1219  (Abs.) 

Tooth  buds,  transplantation  of,  666  (Abs.) 
development,  influence  of  stage  of,  on 
oxygen  quotient  of  normal  bovine  ! 
dental  pulp,  208 
formation,  variability  of,  135 
germs,  development  of  enamel  organ  in 
human  deciduous  molar,  1230 
(Abs.) 

mou.se,  survival  of,  after  freezing  in 
liquid  nitrogen,  983 

relationship  of  vascularity  to  resorbing  I 
deciduous  teeth,  667  (Abs.)  j 

viable,  rate  of  freezing  on  preservation  i 
of,  418  (Annot.)  ' 


Tooth — Cont ’d 

surfaces,  food  retention  on,  703  (Abs.) 
method  of  measuring  adhesion  to,  188 

Toothbrushing  instruction  for  primary 
schools,  707  (Abs.) 

Toxicity  of  diethylene  triamine,  754  (Abs.) 

Toye,  a.  E.,  726  (Abs.) 

Tnwre  elements  in  ancient  Indian  teeth,  285 

Transplantation  of  teeth,  intraoral,  654 
(Abs.) 

of  tooth  buds,  666  (Abs.) 

Transplanted  hamster  molars,  formation  of 
periodontal  tissues,  682  (Abs.) 

molars,  histologic  changes  in,  667  (Abs.) 

Transplants,  salivary  gland  and  the  car¬ 
cinogen  20-methylcholanthrene,  833 

Trauma,  surgical,  relationship  to  hypoplastic 
teeth  in  cleft  repair,  652  (Abs.) 

Trautz,  O.  R.,  691  (Abs.) 

Tribby,  I.,  659  (Abs.) 

Trieger,  N.,  742  (Abs.) 

TrcKER,  G.  H.,  281 

Tumor,  salivary  gland,  BW1081,  mouse,  577 
transplantable,  and  x-radiation  in 
the  mouse,  714  (Abs.) 

TuNTfRi,  A.  R.,  760  (Abs.) 

Ti'resky,  S.,  716  (Ate.) 

Ti'Rner,  E.  P.,  1230  (Abs.) 

Tween  80  and  predni.silone  acetate,  effect  on 
chemical  carcinogenesis  in  the 
hamster  cheek  pouch,  713  (Ate.) 

Twins,  human,  oral  environmental  factors  in, 
662  (Ate.) 


u  CHizoNO,  K.,  1133 

Ueyama,  M.,  200  (Abs.),  201  (Abs.) 

Ultra-high  speed  technics,  thermogenesis,  pulp 
lability  and  repair,  739  (Ate.) 

Ultrasonic  applications,  effect  on  deciduous 
and  developing  monkey  teeth,  739 
(Ate.) 

cutting  device,  effect  on  bone,  742  (Ate.) 
field,  effect  on  pulp  and  periodontal  tissues 
of  rat  first  molars,  723  (Abs.) 
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•  Such  fine  points  of  technique  as  grasp, 
polishing  methods,  basic  strokes  and 
finger  rests  help  you  develop  your 
dexterity  in  instrumentation. 

•  Every  initial  preparation  procedure 
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Fig.  109. — Scep-by-scep  drawinp  of  the  stainless  steel  acnlic  wire  splint. 
This  illustration  is  representative  of  the  quality  of  the  illustrations  used 
throughout  the  book  and  of  the  way  the  authors  direa  you  through  each 
step  in  a  procedure. 
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a  Denture  is  an  Emotional  Experience 


.  .  .  and  the  natural  patient  symptoms  of  fear  and  depression 
can  be  greatly  reduced,  and  sometimes  overcome,  by  skillful 
use  of  the  many  elements  in  the  Trubyte  Esthetics  Program 


FIRST  CONSULTATION  CAN  BE  INFORMATIVE  AND  REASSUR 


Trubyte  Patient  Education  Aids  make  it 
possible  for  you  to  show  your  patients, 
clearly  and  dramatically,  what  modern 
prosthetic  dentistry  can  accomplish.  When 
your  patients  see  “Living  Dentures,”  they 
will  understand,  perhaps  for  the  first  time, 
that  the  denture  experience  need  not  be 


associated  with  advancing  age  and  da 
ing  vigor.  The  proper  presentatiaiJ 
beautiful  new  patient  education  bo(^ 
contribute  immeasurably  to  thepri 
of  psychological  readjustment,  ind 
enlist  the  patient  cooperation  so  n 
sary  to  the  final  success  of  the  re^n 


preliminary  chair  work  can  BUILD  PATIENT  CONFIDENCE 
AND  FACILITATE  THE  INITIAL  STEPS  OF  THE  DENTURE  CREATION.^^'^ 


The  Trubyte  Bioform  Professional  Den¬ 
ture  Service  Unit  can  be  invaluable  to  you 
and  your  patients.  The  Unit  is  an  impor¬ 
tant  aid  to  preliminary  tooth  selection  and 


is  its  value  in  demonstrating  to  your  pa¬ 
tients  the  personalized  and  individualized 
character  of  your  denture  service.  Your 
patients  will  understand  what  you  are 


arrangement — equally  important,  perhaps,  doing  for  them,  and  why. 


TRY-IN  CAN  BE  A  MOMENT  OF  RELIEF  AND  GRATITl 


The  first  try-in  of  the  completely  successful 
restoration  can  be  a  richly  rewarding  ex¬ 
perience  for  both  you  and  your  patient. 
Certainly,  this  experience  is  dependent  pri¬ 
marily  upon  the  application  of  your  profes¬ 
sional  knowledge  and  skill  to  the  problems 
of  esthetic  denture  design.  Yet  many  den¬ 
tists  have  found  that  the  Trubyte  Bioform 
System  of  Tooth  Selection  and  Arrange¬ 
ment,  and  the  exclusive  use  of  Trubyte 


Bioform  Teeth,  are  essential  to  catk 
excellent  results.  This  is  becausti 
byte  Bioform  System  is  based  ifl 
sixty  years  of  continuing  study  ofH 
underlying  principles  as  evideniii 
healthy,  natural  dentition,  an4  ll 
Trubyte  Bioform  Teeth  provide 
variety  of  natural  tooth  formsfia 
radiant  vitality  of  natural  tooth  si 
which  simulate  the  beauty  of  livin? 


Esthetics  and  Trubyte  are  inseparable.  Your  Trubyte  Representatm 
will  show  you  how  both  Esthetics  and  Truby^cm  b^d  your  pros^ticjtractict 


^rubyt^CQji  bMld  your  prostheticpt 
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